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DISCLAIMERS 


Tlie  findings  in  this  report  are  not  to  be  construed  as  an  official  US  Postal  Service 
or  Department  of  the  Navy  position,  unless  so  designated  by  other  authorized  documents 
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be  construed  as  official  Government  endorsement  or  approval  of  commercial  prcxlucts  or 
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OBJKTIVFS 


1.  Provide  the  US  Postal  Service  the  technical  consultation,  e(|uipment.  and 
support  services  which  will  contribute  to  the  development  of  the  system  definition  of 
a new’-concept  processing  system,  the  Hlectronic  Message  Service  (I  MS).  Include  in  this 
scope  of  effort  (I)  investigations  in  scanner  technology,  image  frame  meiHory'  storage, 
and  image  enhancement,  and  (2)  the  design  and  fabrication  of  a scanner/frame-store 
memory  test  assembly. 

2.  Contribute  to  the  selection  of  the  most  optimum  imaging  devices  and  tech- 
niques for  high-speed  image  acquisition.  Provide  reliable  designs  of  high-speed  image 
processing  logic  which  will  preserve  the  quality  of  the  image  while  reducing  the  image 
storage  and  transmission  requirements  and  minimizing  vulnerability  of  the  image  informa- 
tion to  noise  during  processing,  transmission,  and  reproduction. 

3.  Act  as  technical  consultants  to  the  USPS  Office  of  Advanced  Mail  Systems 
Development  in  preparing  technical  requirements  and  statements  of  work  and  evaluating 
technical  proposals  and  contractor  perfonnance;  and  perform  technical  evaluation  of 
contractor-produced  developmental  equipment. 
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RESULTS 


I 

I 

; I.  Selection  and  procurement  of  equipments  and  components  reciuired  fora  major 

upgrading  of  the  Image  Capture  and  Analysis  System  (lUAS)  have  been  completed. 

:i  2.  A significant  number  of  these  equipments  which  were  obtained  to  replace  CIFH 

items  have  been  interfaced  and  are  operating. 

3.  The  remaining  major  items  have  been  fabricated  and  are  in  the  process  of  being 
debugged  and  installed  at  this  time. 

4.  Modifications  to  the  large  drum  test  bed  (LDTB)  have  been  made  to  accommodate 
variable  resolution  imaging  studies. 

5.  Test  and  evaluation  of  imagers  continued. 

6.  New  circuitry  has  been  designed  to  drive  the  new  imagers.  The  new  input  design 
includes  remote  control  of  wideband  gain  and  level  circuits,  new  clock  drivers,  and  very 
high-speed  analog-to-digital  converters. 

7.  The  addition  of  the  Tektronix  model  4051  terminal  has  added  significantly  to 
the  control  and  data  handling  capability  of  the  ICAS. 

8.  One  interface  of  the  Versatec  model  1 200A  line  printer/plotter  is  now  complete, 
allowing  all  image  statistical  data  and  processing  programs  to  be  documented  in  high-quality 
hard-copy  form. 

9.  Four  technical  reports  were  submitted  to  AMSD  in  the  reporting  period.  They 
are  included  here  as  appendixes. 

10.  A contract  issued  to  RCA  Princeton  for  the  development  of  a time-delay- 
integration  (TDD  imager  was  completed.  Operation  of  a TDl  imager  having  characteristics 
which  can  meet  all  the  USPS  imaging  goals  has  been  demonstrated.  A second  contract 
to  refine  and  expand  the  approach  is  under  consideration  at  this  time. 
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1.  Complete  the  interface  debugging  of  the  new  equipments  in  the  ICAS. 

2.  Study  and  refine  the  data  path  from  imager  through  the  digitization  process. 
This  will  include  the  illumination  correction  process. 

3.  Expand  the  data  base  of  document  characterization  to  determine  the  para- 
meters best  suited  for  selection  of  illumination,  enhancement,  compression,  and  storage 
techniques. 

4.  Operate  the  RCA  TDI  imager  in  the  LDTB  at  the  maximum  speed  possible 
in  order  to  provide  feedback  for  imager  and  driver  electronics  design  improvements. 

r 

5.  Refine  the  NOSC  “meander”  compression  algorithm  and  attempt  to  optimize 
the  patterns  for  various  image  types. 

6.  Follow  up  on  promising  previous  year’s  study  by  performing  new  experiments 
on  logarithmic  video  compression. 

7.  Obtain  and  evaluate  any  new  imagers  that  emerge  during  the  year  which  appear 

i to  be  suitable  for  Postal  Service  use. 
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GLOSSARY 
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ac 

A/D 

address 

ALU 

AMSD 

ASCII 

baud 

hit 

bit  serial 

bootstrap 

byte 

CCD 

CCPD 

CPE 

CPU 

CTF 

D/A 

dc 

DIA 

DMA 

DPCM 

EAROM 

ECL 

EDM 

EMSS 

ECU 

EDS 

FET 

Fetch 

nie 

filemark 

firmware 


t'pf  bit 
FSM 


GEE 

GPIB 


Alternating  current 
Analog  to  digital 

Peripheral  device  selection  or  memory  location 
specification 
Arithmetic/logic  unit 

Office  of  Advanced  Mail  Systems  Development 
American  Standard  Code  for  Information  Interchange 

Effective  bit  rate  in  bits  per  second 
The  smallest  piece  of  digital  information  — either  0 or  1 
Tlie  bits  of  a character  are  transmitted  serially 
A built-in  function  which  eases  system  start-up 
A logical  group  of  bits  (8  is  standard) 

Charge-coupled  device 
Charge-coupled  photodiode 
Central  processing  element 
Central  processing  unit 
Contrast  transfer  function 


Digital  to  analog 

Direct  current 

Digital  Image  Analyzer 

Direct  memory  access 

Differential  pulse  code  modulation 


Electrically  alterable  read-only  memory 
Emitter-coupled  logic 
Engineering  development  model 
Electronic  Message  Service  System 
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Format  Control  Unit 
First  difference  statistics 
Field-effect  transistor 

Microroutine  which  retrieves  MCU  instructions  from 
program  memory 

On  magnetic  tape,  a grouping  of  logical  records 
A logical  gap  between  tape  files 
System  control  by  use  of  ROMs  and  a microprogram 
sequencer 

Front-panel  fetch  bit;  indicates  that  MCU  instruction  is 
from  front  panel 
Frame-Store  Memory 


Government  furnished  equipment 
IEEE  STD  488-1975  General-Purpose  Interface  Bus  for 
asynchronous  data  communications 
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Gray  ccxle 


HCU 

HIC 

Hz 


A binary  code  in  which  only  one  bit  changes  at 
each  increment 

Hard-copy  unit 

Hardware  Illumination  Corrector 
Hertz;  cycles  per  second 


ICAS 

IEEE 

interrecord  gap 
I/O 


Image  Capture  and  Analysis  System 
Institute  of  Electrical  and  Electronics  Engineers 
Physical  space  between  magnetic  tape  logical  records 
Input/output 


k 1024 

kVV  Kilowatts 


LDTB 
LED 
LEPM 
listener 
logical  record 

LSI 


Large  Drum  Test  Bed 
Light-emitting  diode 
Linear  feet  per  minute 

A device  which  may  receive  data  on  the  GPIB 
A logical  grouping  of  data  on  magnetic  tape.  In 
an  image,  a video  line  is  treated  as  a logical  record 
Large-scale  integration 


M 

machine  language 

macroinstruction 

macrolevel 

macroprogram 

MARB 

MCU 

message 

MIC 

Mice 

microaddress 

microcode 

microcontrol 

microinst  ruction 


microlevel 

micromemory 

micromemory  address 


Mega-;  million 

Operation  instructions  interpretable  by  the  machine 
being  operated 

A machine  language  instruction  which  initiates  a 
sequence  of  basic  machine  operations 
A level  at  which  an  operator  may  directly  communi- 
cate with  a machine;  ie,  machine  language  level 
A logical  sequence  of  macroinstnictions 
Memory  Address  Register  Bus 
Memory  Control  Unit 

On  the  GPIB,  a sequence  of  data  and/or  control 
operations  transmitted 
Memory  Interface  Card 
Memory  Interface  Control  Card 
Micromemory  address 

Bit-by-bit  implementation  of  microinstructions 
Control  of  individual  hardware  resources  by  use 
of  a microprogram  structure 
A basic  machine  operation  instruction  containing 
control  for  all  hardware  resources  (eg.  data  paths, 
registers.  ALUs) 

Hardware  direct-control  level 
Memory  (usually  ROM)  which  contains  micro- 
instructions 

Specification  of  location  within  a micromemory 
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microprogram 

A logical  sequence  of  microinstructions 

microroutine 

A microprogram  or  part  thereof 

MIU 

Memory  Interface  Unit 

MOS 

Metal  oxide  semiconductor 

MSB 

Most  significant  bit 

MTBF 

Mean  time  between  failures 

MTF 

Modulation  transfer  function 

n 

Multiplex  ratio 

NELC 

Naval  Electronics  Laboratory  Center 

nm 

Nanometre 

NOSC 

Naval  Ocean  Systems  Center 

ns 

Nanosecond 

NTC 

National  Telecommunications  Conference 

page 

An  8‘/2-by-l  1-inch  acquired  image  or  original  copy 

PBS 

Pel  brightness  statistics 

PC 

Personality  Chassis 

PCR 

Print  contrast  ratio  =(  r^ax  ' rminV^max 

pel 

Picture  element 

Pixel 

Picture  element 

PPHE 

Printer  and  paper-handling  equipment 

PPHE/IU 

Printer  and  paper-handling  equipment/input  unit 

PPE 

Printer/plotter  equipment 

program 

Macro  program 

PROM 

Programmable  read-only  memory 

r 

Retlectivity 

RAC 

Relative  address  coding 

RALU 

Register  arithmetic  logic  unit 

RAM 

Random-access  (read/write)  memory 

record 

Logical  record 

RLC 

Run  length  coding 

RLS 

Run  length  statistics 

ROM 

Read-only  memory 

SD( 

Systems  Development  Corporation 

SDTB 

Small  Dmm  Test  Bed 

s 

Second 

SID 

Silicon  imaging  device 

SPADE 

Storage.  Processing,  and  Display  Equipment 

SPIF 

Society  of  Photo-Optical  Instrumentation  Engineers 

*mac 

Memory  access  time 

^ncy 

Memory  cycle  time 

talker 

A device  which  may  transmit  asynchronous  data  on 
the  GPIB 

TDI 

Time-delay  integration 
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RELFVANC'F  TO  Dol)  MISSION 


Tlie  concept  clet'inition  phase  ol'  the  Flectronic  Message  Service  System  (l-MSS)  is 
nearing  completion,  and  selected  alternatives  will  soon  he  forthcoming,  which  the  USI’S 
will  evaluate  to  select  a proposeil  system  approach.  If  instrumented,  it  will  hecome  the 
second  largest  communication  ami  information  exchange  system  in  the  US.  Participation 
on  the  imaging  interface  aspects  of  the  system  provides  intimate  familiarity  for  the  Navy, 
which  will  be  able  to  assist  in  utilization  of  the  network  for  military  purposes  in  a time  of 
national  need. 

The  actual  imaging  investigation  is  relevant  to  recent  and  current  NOSC  programs 
involving  facsimile  and  submarine  sensors.  One  of  the  requirements  of  the  Tactical  Flag 
Command  Center  program  is  image  transmission.  Other  requirements  for  image  acquisition, 
processing,  storage,  and  transmission  are  implicated  in  work  for  the  Naval  Intelligence 
Support  Center.  The  USPS  Image  Capture  and  Analysis  System  (ICAS)  has  been  designed 
to  interchange  data  with  the  NOSC  video  test  bed  in  the  Display  Fa'piipment  Development 
Branch.  Code  8247.  Digital  image  tapes  can  he  generated  by  scanning  or  by  converting 
tapes  from  other  sources  to  a format  compatihle  with  the  Laser  Recording  System  located 
in  the  Marine  Corps  and  Special  Systems  Branch,  Code  812.“'. 

One  of  the  program  procurements  is  a large,  high-speed  imaging,  charge-coupled 
device  (C('D)  which  can  operate  in  the  time-delay-integration  (TDD  mode.  This  single 
device  is  capable  of  ac(|uiring  full-page  data  at  a rate  of  20  pages  per  second.  The  high 
performance  of  the  device  makes  it  applicable  for  telereconnaissance,  teleguidance,  battle- 
field surveillance,  and  intrusion  detection  as  well  as  document  imaging.  Successful  opera- 
tion of  the  device  has  been  witnessed  at  the  contractor’s  facility,  and  negotiations  are  being 
considered  for  refinement  and  advancement  of  this  important  work. 

The  experience  gained  w Mi  microprocessor  architecture,  image  processing,  high- 
speed storage  and  retrieval,  display,  and  hard-copy  generation  is  also  valuable  to  the  Nav\'. 
Very  little  of  the  work  within  the  DoD  and  academic  communities  involves  high-speed, 
real-time  hardware  and  algorithm  developments  which  will  support  military  applications 
such  as: 


• ocean  surveillance 

• telereconnaissance 

• teleguidance 

o battlefield  surveillance 

• intrusion  detection 

• image  transmission  systems 

• pattern/character  recognition 

• word  processing 


EMS  GOALS 


The  USES  has  undertaken  the  investigation  of  advanced  mail  systems.  An  imiiortant 
element  in  this  program  is  the  investigation  of  a possible  L.lectronic  Message  Service  (l-.MS). 
The  USPS  is  conducting  a detailed  system  definition  effort  for  the  purpose  of  establishing 
the  technical  and  economic  feasibility  of  a nationwide  EMS  concept.  E'unctionally.  EMS 
would  accept  messages  in  digital  or  paper  copy  form,  convert  inputs,  as  reipiired,  into  digital 
form,  transport  message  inputs  electronically  frr)m  source  to  EMS  destination  over  communi- 
cation networks,  and  either  convert  the  message  back  to  paper  copy  form  for  carrier  delivery 
to  the  recipient  or  deliver  it  to  the  customer  by  alternative  electronic  delivery  systems. 

The  phrase  “paper  copy  form”  can  imply  many  formats  such  as  typed,  drawn,  or 
handwritten  information  of  various  colors  on  paper  of  almost  any  color  and  continuous-tone 
pictures  that  may  be  in  black  and  white  or  many  colors.  The  Office  of  Advanced  Mail 
Systems  Development  (AMSD)  has  determined  in  this  initial  analysis  that  it  will  ultimately 
be  necessary  to  scan  page-like  material  with  these  criteria: 

1.  The  data  can  be  in  typed,  printed,  handwritten,  or  continuous-tone  form. 

2.  The  text  data  can  be  most  colors  on  most  colors  of  paper. 

3.  The  continuous-tone  data  can  be  black  and  white  or  multicolor. 

4.  The  scanning  technique  must  be  capable  of  at  least  80  lines  per  centimetre 
(200  lines  per  inch). 

.S.  Within  the  limits  of  system  resolution,  the  quality  of  the  reproduced  trans- 
mitted message  must  be  very  nearly  equal  to  that  of  the  original. 

In  addition  to  the  above  input  criteria,  AMSD  has  detennined  that  the  material 
may  be  required  to  be  scanned  at  a rate  equivalent  to  twenty  8‘/’-by-l  1-inch  pages  per 
second  in  order  to  handle  the  volume  anticipated  for  an  EMs  system.  As  a point  of  com- 
parison, messages  currently  sent  by  facsimile  are  handled  at  a rate  of  4800  bits  per  second. 
At  this  bit  rate  it  would  take  facsimile  transmission  equipment  78  minutes  to  transmit  a 
black  and  white  image  with  anticipated  EMS  quality. 

The  concept  of  EMS  remains  unchanged  from  what  was  discussed  in  last  year's 
annual  report. 


NOSC  MISSION 

The  large  disparity  between  existing  scanning  technology  and  the  goals  of  the 
envisioned  EMS  required  the  implementation  of  a major  development  program.  In 
October  1974  the  USPS  and  NELC  signed  an  agreement  in  which  NELC,  primarily  the 
Display  Division,  agreed  to  provide  technical  support  for  I year  for  the  development  of 
scanning  technology  for  the  very  advanced  EMS  system.  Acceptable  progress  during 
1975  resulted  in  the  issuance  of  a second  agreement  for  work  to  begin  in  October  1975. 
A third  agreement  was  issued  covering  the  period  from  October  1976  to  October  1977. 

‘ Annual  reports  were  written  to  summarize  the  first  two  years'  accomplishments.*  This 


*First  Annual  Report  Advanced  Mail  .Systems  .Scanner  Technology,  22  October  I ‘>7.5.  prepared  by 
NELC  Display  Division.  NELC  TR  1965. 

Second  Annua)  Report  Advanced  Mail  Systems  Scanner  Technology,  October  1976.  prepared  by 
NELC  Display  Division.  NELC  TR  2020. 


report  covers  the  third  year's  work  heginniny  d October  I ‘>76  and  ending  8 October 
1977. 

Tasks  performed  and  services  provided  by  NliLC'/NOSC  during  tliese  3 years  have 
included: 

1 . Survey  of  available  imaging  devices  and  technologies  and  comparative 
analysis  of  capabilities 

2.  Characterization  of  imaging  devices  with  respect  to  dynamic  range,  sensiti- 
vity, and  spectral  response 

3.  Characterization  of  various  illumination  sources  and  techniques 

4.  Design  and  construction  of  a test  bed  for  use  in  demonstrating  and  evaluating 
hardware,  software,  and  techniques  for  image  scanning  at  the  specified  rates 

5.  Investigation  of  video  compression,  image  enhancement,  and  data  compression 
techniques 

6.  Generation  of  high-quality  test  images  that  are  stored  on  tape;  enhancement 
of  data  and  comparison  of  results  with  original  images 

7.  Development  of  illumination  correction  techniques 

8.  Evaluation  of  lenses  for  use  in  image  scanning 

9.  Evaluation  of  adaptive  thresholding 

10.  Study  of  effects  of  scan  density  on  image  quality 

1 1 . Compilation  of  technical  reports  on  specific  aspects  of  the  work  as  well  as 
progress  and  year-end  summary  reports 

12.  Consultation  and  support  services  including  the  monitoring  of  hardware 
contracts,  evaluation  of  propo.sal.s,  and  writing  of  procurement  specifications 

1975  HIGHLIGHTS 

Some  significant  accomplishments  of  the  year  ending  2 I October  1975  incluiled: 

1.  A 1 2-inch-circumference  drum  scanner/frame-store  memor\'  test  bed  was 
designed,  fabricated,  and  operated. 

2.  Promising  newly  available  large  high-speed  imagers  were  procured  and  success-  i 

fully  evaluated.  (Previously  it  appeared  that  several  smaller  solid-state  imagers  mounted  i 

on  a very  critical  optical  mixing  device  would  be  required  to  scan  a full  page  width.) 

3.  The  investigations  into  edge  and  image  enhancement  techniques  were  begun. 

In  conjunction  with  these  efforts  it  was  detennined  that  a prestorage  image  analyzer 
could  be  used.  The  analyzer  was  designed,  fabricated,  and  successfully  operated. 

4.  Methods  of  achieving  nonlinear  video  amplitude  partitioning  and  of  establishing 

dynamic  range  and  automatic  threshold  detection  were  studied,  and  designs  for  later  i 

installation  in  the  scanner/frame-store  memory  test  bed  were  completed.  j 
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1976  HIGHLIGHTS 

Some  signiticam  accomplishments  of  the  year  ending  S October  1976  include: 

1 . A 4().92-indi-circutiiferencc  large  drum  test  bed  ( LDTB ) was  designed  and 
fabricated,  compatible  with  Pitney  Bowes  paper-handling  equipment. 

2.  Iligh-brightness  tliiorescent  lamps  were  evaluated  for  use  in  the  LDTB  and 
found  to  be  superior,  for  this  application,  to  the  quartz  halogen  lamp  used  in  the  small  drum 
test  bed  that  was  developed  during  the  previous  year. 

3.  Software  was  developed  to  compensate  for  nonuniform  illumination. 

4.  Special  fluorescent  lamps  were  procured  in  which  the  mixture  of  phosphors 
compensates  for  fall-off  in  imager  sensitivity  from  red  to  blue. 

5.  Test  and  evaluation  of  imagers  continued.  The  ranking  of  the  contenders  changed 
as  the  residt  of  the  emergence  of  new  and  improved  devices. 

6.  New  CCD  driver  boards  incorporating  best  available  high-speed  logic  techniques 
were  designed  and  fabricated. 

7.  .mage  analyzer  capability  was  expanded  so  that  first  difference  and  am  length 
statistics  may  be  provided  in  addition  to  the  original  pel  brightness  statistics. 

8.  Progress  was  recorded  throughout  the  software  hierarchy  running  from  micro- 
codes up  to  high-level  procedural  programs.  Corresponding  hardware  improvements  were 
effected.  High-speed  PROMs  incorporating  microcode  data,  for  example,  replaced  the  low- 
speed  PROMs  previously  used  in  the  memory  controller. 

9.  Six  technical  reports  were  submitted  to  AMSD  in  the  reporting  period. 

10.  A contract  was  issued  to  RCA  Princeton  for  the  development  of  a tracking/time- 
delay-integration  imager. 

1977  TASKS 

For  the  year  ending  9 October  1977,  the  services  performed  can  be  divided  into 
five  categories.  The  categories  and  tasks  within  each  are  listed  below. 

Hardware  deliverables 

Select  and  procure  ICAS  system  upgrade  equipments 

Replace  GFE  items  with  USPS  equivalents 

Add  extended  semiconductor  memory  and  interface 

Add  “personality  unit”  to  ICAS 

Add  remotely  controlled  gain/level  circuits 

Modify  LDTB  for  variable-resolution  tests 

Initiate  TDI  tests 

Software  deliverables 

Generate  extensive  terminal  programs 
Generate  image  processing  routines 
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Digitally  simulate  analog  adaptive  threshold 
Generate  meander  compression  analysis  routines 


Program  image  tape  format  conversions 
Documentation  deliverables 
1C  AS  third  report 
Resolution  study  report 
Advanced  prestorage  processing  report 
Data  compression  summary  report 
Major  procurement  contracts 

Imager  for  time  delay  integration  (TDD  with  RCA,  Princeton  Laboratories 
Support  services 


Resolution  test,  60  image  tapes 
Subjective  lens/copy  orientation  test 
Design  review  technical  support 

Some  of  the  categories  of  effort  involved  considerable  overlap  - notably  hardware, 
software,  and  documentation.  In  the  next  section  of  this  executive  summary  the  first  two 
categories  of  tasks  are  described  in  detail.  The  material  presented  for  the  third  category, 
documentation  deliverables,  will  be  essentially  the  results  and/or  conclusions  from  each  docu- 
ment, because  each  is  included  in  its  entirety  as  an  appendix.  The  fifth  category,  support 
services,  is  not  detailed  further. 


1978  PLANS 

The  plans  for  FY78  will  follow  much  the  same  format  as  those  for  FY77.  The  cate- 
gories of  work  and  the  tasks  within  each  are  listed  below. 

Hardware  deliverables  and  imaging  studies 

Complete  the  interface  debugging  of  the  new  equipments  in  ICAS. 

Obtain  and  evaluate  any  new  imagers  which  appear  during  the  year  that 
may  be  suitable  for  Postal  Service  use. 

Study  and  refine  the  image  data  path  from  the  imager  through  the  digit- 
ization process,  including  illumination  correction. 

Operate  the  RCA  TDl  imager  in  the  LDTB  at  the  maximum  speed  possible 
in  order  to  provide  feedback  for  imager  and  driver  electronics  design 
improvements. 

Refine  the  NOSC  “meander”  compression  algorithm  and  attempt  to  optimize 
the  patterns  for  various  image  types. 

Follow  up  on  promising  previous  year's  study  by  perfonning  new  experiments 
on  logarithmic  video  compression. 

Investigate  techniques  to  optically  compensate  for  the  majority  of  illumina- 
tion nonuniformity. 
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Generate  characterization  data  on  the  sets  of  data  types  to  he  scanned. 

Investigate  requirements  tor,  and  assist  in  procurement  of.  if  needed,  a 
precision  Hat  bed  scanner  to  be  added  to  the  ICAS. 

Study  the  possibility  of  programmable  variable  resolution. 

Software  deliverables 

Add  program  routines  to  control  remote  gain  and  level  circuits. 

Study  algorithms  which  offer  promise  to  sort  documents  into  classes, 
bilevel  (black/white  only)  or  continuous  tone  (photographic). 

Develop  programs  for  control  of  other  interfaces  such  as  the  digital  image 
analyzer  (DIA)  and  the  printer. 

Documentation  deliverables 

Data  capture  interim  report 
TDI  imager  interim  report 
EDM  hardware  evaluation  report 
Advanced  compressibility  report 
Interim  color  imaging  report 
Monthly  progress/technical  reports 
Fourth  annual  report  of  total  program 
Specification  for  flat  bed  mechanism 
Major  procurement  contracts 

Continue  development  of  the  tracking  TDI  imager. 

Support  services 

Provide  technical  liaison  support  between  various  vendors  and  AMSD. 
Provide  technical  consultation  to  AMSD  as  requested. 


TASK  SUMMARIES 

HARDWARE 

GFE  EQUIPMENT  REPLACEMENT 

To  alleviate  potential  schedule  impacts  which  might  have  been  caused  to  Navy  or 
USPS  programs,  a number  of  equipments  were  purchased  from  program  funds  to  replace 
all  GFE  components. 

A Tektronix  model  405  1 terminal  was  procured  and  installed  to  replace  the  GFE 
Tektronix  model  4023  terminal.  A Versatec  model  1200A  printer/plotter  was  added  to 
the  ICAS  to  replace  the  GFE  Tektronix  model  4632  hard-copy  unit.  The  GFE  Conrac  RQB 
14-inch  monitor  display  was  replaced  with  an  identical  unit  which  is  program  property. 

A second  Kennedy  model  9000  tape  deck  was  added  to  replace  the  GFE  Bright  model 
Bl  2600  unit. 


17 


K'AS  SYSTI  M UKJRADi: 


In  ouler  to  prepare  tor  high-speeil  image  aec|uisilion  from  the  RCA  time-ilelay-inte- 
gration  (Tl)l)  loiir-ported  imager,  four  new  Phoenix  Data  analog-to-digital  (A/D)  eonverters 
were  proeiireil.  I'hree  of  these  units  are  model  I l()()-6()  which  operate  at  ^'0  millit)n  con- 
versions per  second.  The  lourth  is  a model  I 106-100  which  operates  at  100  million  conversions 
per  second.  These  units  replace  the  simple  Datel  model  SllM-lIII  sample-and-hold  unit  and 
the  model  ADC-UII6B  A/D  converter. 

Seven  new  65  k-word  hy  4X-hit  moilel  .^00-0000-001  Monolithic  Systems  memory 
units  were  added  to  the  K'AS.  Tliese  memories,  of  which  six  were  purchased  by  DSPS  and 
shipped  to  NOSC'  and  one  was  obtained  on  program  funds,  are  identical  to  the  original 
memory  unit  already  operating.  The  total  capacity,  approximately  25  million  bits,  provides 
for  the  acquisition  of  a full  SVi-by-l  t-inch  image  at  200  by  200  pels  per  incli  at  very  high 
speed.  Kxtra  capacity  is  provided  for  resident  programs. 

The  F'airchild  model  CCD  12  I imaging  device  was  replaced  with  the  newer  moilel 
CC'D  1 2 1 H.  A photograph  of  the  1C  AS  as  presently  configured  is  showij  in  figure  1 . 


Figure  I . Image  Capture  and  Analysis  System. 
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1 AlUil  DRUM  T1  SI  BID 

The  priiKip;il  reasini  lor  lahricaliiit:  (lie  lartie  ilrum  lesl  heii  ( I D I B)  was  lo  provulo 
a mounting:  siirlace  I'or  tlie  copy  having  llie  same  (.liaineler  as  the  printer,  paper-liandling 
eipiipnient  input  unit  (I’PIII'  III)  inuler  eonstruetion  In  Pitney  Bowes  for  the  USPS.  This 
ilriini  has  a eireuinferenee  ol  4().‘)2  inches,  chosen  to  give  one  pulse  output  for  each  0.00.*'- 
inch  increment  of  tangential  motion  from  the  8 D)2-pulse-per-revolution  Bakiwin  encoder 

In  preparing  for  some  variable  resolution  tests,  a drum  having  one-third  the  iliameter 
was  turned  anil  filled  with  the  encoder  on  the  o|)lical  bench.  With  this  drum  and  some 
electronic  mollifications,  it  was  possible  to  scan  copy  material  up  to  2400  pels  per  inch  in 
both  ilirections. 


TDl  I MAC  INC. 

One  brief  but  very  encouraging  test  of  time  delay  integration  (TDl)  was  run  using 
the  RCA  TC  1 l.'s.'s  solid  slate  TV  camera  using  a special  version  of  the  .SID  .‘'1232  area  imager. 
I'he  camera  was  set  up  to  run  continuously  at  its  normal  line  output  rate  with  the  line  clocks 
of  the  area  and  storage  portions  of  the  arrays  tied  together.  The  camera  was  set  at  a distance 
corresponding  to  200  picture  elements  (eolumns.  in  this  case)  per  inch  in  the  direction  of 
scan  parallel  lo  the  drum  axis.  The  proper  drum  speed  was  selected  to  cause  the  impinging 
image  from  the  copy  to  track,  as  well  as  possible,  the  moving  potential  wells  under  the  sur- 
face of  the  imaging  device.  The  circumferential  speed  was  about  80  inches  per  second. 

A small  TV  monitor  was  connected  to  the  video  output.  Since  there  was  no  repeti- 
tive vertical  sync  relationship  between  drum  position  and  monitor  field  rate,  the  resultant 
pictures  were  a collection  of  poorly  synchronized  Hash  images.  Several  of  these  were  photo- 
graphed with  a Polaroid  camera.  One  image  was  synced  closely  .^nough  to  show  excellent 
resolution  in  the  direction  of  copy  motion  around  some  of  the  lettering  from  the  IliHH 
facsimile  chart.  Tliis  simple  test  brought  to  light  some  of  the  problems  to  be  encountered 
in  operating  a TDl  device  with  an  independently  driven  drum.  The  experience  gained  from 
this  test  was  useful  in  discussions  on  the  driving  electronics  for  the  R('A-TDI  device  and  its 
clocking  electronics.  A discussion  of  tests  with  the  TDl  imager  fabricated  specifically  for 
the  USPS/NOSC'  imaging  study  will  be  found  under  Contracts  in  this  summary. 

IMACBR  DRIVERS 

The  LDTB  was  operated  with  a Fairchild  CCD  121  until  about  midyear,  when 
it  was  learned  that  a new  and  improved  imager,  the  CCD  12111,  was  available.  Procurement 
was  initiated  immediately  and  a design  for  a new  driver  board  was  initiated.  This  design 
was  fabricated  and  put  into  operation  upon  receipt  of  the  device.  There  were  significant 
improvements  in  the  balance  of  odd/even  pel  output,  and  the  increase  in  gain  afforded  by 
the  new  on-chip  amplifier  greatly  improved  the  quality  of  the  images  acquired.  There  still 
exists,  however,  an  odd/even  pel  problem  of  some  degree  in  the  acquired  data  which  must 
be  corrected  before  fully  significant  data  analysis  can  be  completed.  This  is  one  of  the 
priority  problems  to  be  worked  on  during  the  next  program  year.  A discussion  of  the  im- 
proved circuits  is  given  in  appendix  A. 
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The  Digital  Image  Analyzer  (DIA)  was  used  very  little  during  this  year's  studies. 
Instead,  software  routines  were  generated  whieh  could  he  used  with  the  Memory  Control 
Unit  (MCU).  These,  of  course,  coidd  not  he  nin  in  real  time  hut  hatl  several  advantages 
in  tlexihility  not  possible  with  the  hardware  counterpart.  The  first  advantage  was  the  ability 
to  accept  compressibility  study  run  lengths  exceeding  64  hits.  This  single  feature  provided 
the  ability  to  determine  the  exact  distribution  of  extremely  long  runs,  especially  in  the  more- 
significant  bit  planes.  A second  advantage  was  the  ability  to  broaden  the  compressibility 
study  to  include  a new  concept  of  "meander"  nin  length  statistics.  Ihe  combination  of 
these  two  features  led  to  results  containing  higher  compressibility  ratios.  Details  ol  these 
results  are  included  in  appendix  D.  Lventually,  if  recpiired.  these  features  mas*  be  incorporated 
into  the  hardware  DIA. 


PtRIPHFRAL  INTF.RFACl  S 

During  FY77  several  interface  channels  were  added  to  the  ICAS: 

Input  and  output  between  the  second  Kennedy  model  6000  tape  deck  and  the 
model  62 1 7 format  control  unit.* 

An  IF.FF.-488  interface  bus  (general-purpose  information  bus.  GPIB)  which  links 
together  the  new  model  4051  Tektronix  tenninal,*  the  MCU,*  the  DIA.  and 
the  K'.  This  in  turn  supplies  control  signals  to  the  LDTB  and  the  gain  and  level 
circuits. 

A bus  which  provides  the  signal  data  from  the  Tektronix  terminal  to  the  Versatec 
printer/plotter*  via  a Versatec  C-TFX2*  unit  in  the  printer/plotter. 

A higli-speed  8-bit  parallel  bus  which  supplies  bilevel  (black./white)  image  or 
plot  data  to  the  Versatec.  This  interface  was  made  available  by  modifying  the 
former  Bright  tape  deck  interface  which  is  no  longer  needed. 

•SOFTWARE 

The  USPS/NOSC  ICAS  is  now  controlled  interactively  by  a Tektronix  4051  Graphic 
System  via  an  lFFF-488  (iPIB  and  in  conjunction  with  the  ICAS  MCU.  In  this  multi- 
processing organization,  the  ICAS  operator  has  the  capability  of  executing  the  various 
system  utility  and  image  processing  software  in  a straightforward  procedure-oriented  manner. 
The  following  paragraphs  are  brief  descriptions  of  the  major  software  functional  groupings 
available  to  the  ICAS.  along  with  references  for  greater  detail  on  the  individual  groupings. 

System  utility  programs  are  used  by  the  ICAS  operator  primarily  as  a means  of 
direct  control  of  storage  media  including  magnetic  tape  and  image  memory.  Utility 
programs,  however,  are  also  available  to  other  software  modules  as  subroutines  designed 
to  simplify  major  programming  tasks.  Tltis  group  of  programs  includes  memory  inspection 


*These  interfaces  are  operating.  The  others,  except  the  module  for  the  K'.  are  designed  and  installed 
hut  not  debugged. 
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and  modification  routines,  tape  motion  and  data  transfer  routines,  and  system  status 
routines.  (For  more  detail  refer  to  appendix  B of  this  report.) 

Image  processing  software  includes  a number  of  major  routine  groupings  as  re- 
quired by  various  studies  performed  on  the  ICAS.  These  groupings  include  resolution 
testing,  adaptive  thresholding,  meander  analysis,  and  image  transformation. 

The  resolution  test  software  includes  LDTB  calibration  software,  to  facilitate  proper 
alignment  of  LDTB  components,  and  image  acquisition  and  formatting  routines  for  use  by 
RCA,  Camden  (appendix  B). 

Adaptive  thresholding  software  was  used  to  verify  the  Fairchild  adaptive  thresholding 
algorithm. 

Meander  analysis  is  a generic  run  length  analysis  using  one  or  more  image  lines  and 
an  arbitrary  scan  pattern.  The  statistics  generated  with  this  software  may  then  be  used  by 
compression  ratio  software  as  an  aid  to  determination  of  optimum  run  length  encoding 
schemes  (appendix  D). 

Image  transformation  comprises  the  largest  portion  of  the  image  processing  soft- 
ware and  provides  software  simulation  of  proposed  hardware  prestorage  processing  algorithms. 
These  algorithms  include  illumination  correction  (appendix  B),  logarithmic  compression/ 
expansion,*  interpolation,  image  reformatting,  window  filtering,  and  smoothing. 


DOCUMENTATION 


During  the  year  monthly/technical  reports  and  four  specific  subject  technical  reports 
were  written  and  submitted  to  AMSD.  The  reports  and  the  dates  of  publication  are: 


Image  Capture  and  Analysis  Report 
Image  Resolution  Report 
Advanced  Prestorage  Processing  Report 
Compressibility  Study  Report 


June  1977 
July  1977 
October  1977 
October  1977 


These  reports  are  included  in  their  entirety  as  appendixes  A through  D to  the  annual 
report.  The  subject  matter,  results,  and  conclusions  of  these  appendixes  have  been  dis- 
cussed in  earlier  sections  of  this  report. 

The  Image  Resolution  Report  was  based  on  the  acquisition  of  data  from  nine  dif- 
ferent documents  at  eight  different  resolutions  up  to  600  by  600  pels  per  inch.  Sixty 
lOVi-inch  image  tapes  (approximately  5x10^  image  bits)  were  generated  and  provided  to 
RCA  Camden  for  reproduction  of  the  images  at  the  various  resolutions.  Some  of  the  avail- 
able reproductions  from  RCA  are  included  in  appendix  B. 

At  the  request  of  USPS,  a special  8‘/2-by-8'/2-inch  shortened  version  of  the  “standard” 
WJM  typed  page  document  was  scanned  in  two  orthogonal  directions.  The  data  were  stored 
on  tape  and  will  subsequently  be  used  to  compare  the  optimum  probabilistic  compressibilities 
for  the  two  scanned  directions.  The  goal  is  to  determine  whether  there  is  a potential  pre- 
ferred direction  of  scan  to  give  the  best  compressibility. 


’Second  Annual  Report,  Advanced  Mail  Systems  Scanner  Technology,  NELC  TR  2020,  Oct  1976 
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CONTRACTS 


The  only  major  procurement  contract  issued  by  NELC/NOSC  for  USES  work  was 
awarded  to  RCA  Princeton  in  FY76  for  development  of  a tracking/time-delay-integration  (TDl ) 
imager.  This  imager,  the  RCA  TC  1212,  has  been  designed,  fabricated,  and  tested.  It  con- 
tains 96  pels  in  the  TDI  direction,  divided  into  a separately  controllable  section  of  32  pels 
adjacent  to  the  main  outputs  and  a second  section  of  64  pels  adjacent  to  the  alternate  out- 
puts. The  width  of  this  test  imager  is  748  pels. 

A test  driver,  providing  all  bias  and  clocking  voltages  to  operate  the  device  and  ampli- 
fiers to  recover  the  image  signals,  was  designed,  fabricated,  and  demonstrated  by  RCA  as  part 
of  the  contract  goals.  Althougli  the  test  driver  could  not  be  operated  at  the  maximum  design 
goal  speed  of  21  megapels  per  second  from  each  of  the  four  ports,  successful  operation  of 
the  device  and  the  exerciser  was  demonstrated. 
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GLOSSARY 

Alternating  current 
Analog  to  digital 

Peripheral  device  selection  or  memory  location 
specification 
Arithmetic/logic  unit 

American  Standard  Code  for  Information  Interchange 

Effective  bit  rate  in  bits  per  second 
The  smallest  piece  of  digital  information  - either  0 or  1 
The  bits  of  a character  are  transmitted  serially 
A built-in  function  which  eases  system  start-up 
A logical  group  of  bits  (8  is  standard) 

Charge-coupled  device 
Central  processing  element 
Central  processing  unit 

Digital  to  analog 

Direct  current 

Digital  Image  Analyzer 

Direct  memory  access 

Differential  pulse  code  modulation 

Electrically  alterable  read-only  memory 
Emitter-coupled  logic 

Eormat  Control  Unit 
Eirst  difference  statistics 
Eield-effect  transistor 

Microroutine  which  retrieves  MCU  instructions  from 
program  memory 

On  magnetic  tape,  a grouping  of  logical  records 
A logical  gap  between  tape  files 
System  control  by  use  of  ROMs  and  a microprogram 
sequencer 

Eront-panel  fetch  bit;  indicates  that  MCU  instruction  is 
from  front  panel 
Erame-Store  Memory 


GEE  Government  furnished  equipment 

GPIB  IEEE  STD  488-1975  General-Purpose  Interface  Bus  for 

asynchronous  data  communications 


HCU 

Hard-copy  unit 

HIC 

Hardware  Illumination  Corrector 

Hz 

Hertz;  cycles  per  second 
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listener 
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machine  language 

macroinstruction 

macrolevel 

macroprogram 
MARB 
MCU 
message 
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Mice 

microaddress 
microcode 
microcontrol 

microinstruction 


microlevel 

micromemory 

micromemory  address 

microprogram 

microroutine 

MIU 

MOS 

MSB 


Image  Capture  and  Analysis  System 

Physical  space  between  magnetic  tape  logical  records 

Input/output 

1024 

Kilowatts 

Large  Drum  Test  Bed 
Light-emitting  diode 
Linear  feet  per  minute 

A device  wjiich  may  receive  data  on  the  GPIB 
A logical  grouping  of  data  on  magnetic  tape.  In  an 
image,  a video  line  is  treated  as  a logical  record 
Large-scale  integration 

Mega-;  million 

Operation  instructions  interpretable  by  the  machine 
being  operated 

A machine  language  instruction  which  initiates  a 
sequence  of  basic  machine  operations 
A level  at  which  an  operator  may  directly  communicate 
with  a machine;  ie,  machine  language  level 
A logical  sequence  of  macroinstructions 
Memory  Address  Register  Bus 
Memory  Control  Unit 

On  the  GPIB,  a sequence  of  data  and/or  control 
operations  transmitted 
Memory  Interface  Card 
Memory  Interface  Control  Card 
Micromemory  address 

Bit-by-bit  implementation  of  microinstructions 
Control  of  individual  hardware  resources  by  use  of  a 
microprogram  structure 

A basic  machine  operation  instruction  containing 
control  for  all  hardware  resources  (eg,  data  paths, 
registers,  ALUs) 

Hardware  direct-control  level 
Memory  (usually  ROM)  which  contains  micro- 
instructions 

Specification  of  location  within  a micromemory 

A logical  sequence  of  microinstructions 

A microprogram  or  part  thereof 

Memory  Interface  Unit 

Metal  oxide  semiconductor 

Most  significant  bit 
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ns 

page 

PBS 

PC 

pel 

Pixel 
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program 

PROM 

RALU 

RAM 

record 

RLS 

ROM 
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^mac 

^mcy 

talker 
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three-wire  handshake 

TTL 

USPS 

UV 

VTS 

word 


Multiplex  ratio 

Naval  Ocean  Systems  Center 

Nanosecond 

An  Ski-by-l  1-inch  acquired  image  or  original  copy 

Pel  brightness  statistics 

Personality  Chassis 

Picture  element 

Picture  element 

Printer  and  Paper-Handling  Equipment 
Macro  program 

Programmable  read-only  memory 

Register  arithmetic  logic  unit 
Random-access  (read/write)  memory 
Logical  record 
Run  length  statistics 
Read-only  memory 

Small  Drum  Test  Bed 
Second 

Storage,  Processing,  and  Display  Equipment 

Memory  access  time 
Memory  cycle  time 

A device  which  may  transmit  asynchronous  data  on  the 
GPIB 

Time-delay  integration 

The  Hewlett-Packard  patented  method  of  guaranteeing 
asynchronous  communication  capability  on  the  GPIB 
Transistor-transistor  logic 

United  States  Postal  Service 
Ultraviolet 

Video  transmission  system 

A grouping  of  1 or  more  bytes  (in  the  MCU,  a word 
contains  6 bytes,  or  48  bits) 
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INTRODUCTION 


At  this  time  the  Image  Capture  and  Analysis  System  (ICAS)  is  undergoing  some 
major  changes  in  order  to  upgrade  the  image  acquisition  and  processing  capability.  The 
major  effort  is  toward  increasing  the  capture  speed  and  image  storage  capacity  so  that  very 
high-performance  imaging  devices  can  be  tested  at  their  maximum  capacity.  Because  of 
these  rather  broad  changes  it  was  decided  to  expand  the  scope  of  this  report  beyond  the 
original  contractual  document  requirements  which  included  only  the  Frame-Store  Memory 
(FSM)  and  Display  portions  of  the  system.  Therefore,  this  report  will  endeavor  to 
encompass  all  the  modifications  now  in  progress  or  planned  for  the  test  bed. 

Because  of  the  broad  scope  of  the  subject  matter  all  team  members  of  the  program 
have  made  contributions  to  this  report.  The  team  members  include  Frank  Martin,  Tom 
Little,  Lee  Wise,  and  Clint  Mayo.  A section  on  the  software  by  Bob  Basinger,  who  is  under 
contract  from  SDC,  has  also  been  included. 
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Through  a scries  of  yearly  technical  agreements  NOSC  has  been  providing  assistance 
to  the  US  Postal  Service  (USPS)  in  scanning  technology.  NOSC  is  now  operating  under  the 
third  such  yearly  agreement  by  providing  services  under  Problem  N451,  Image  Acquisition 
and  Processing.  During  the  first  year,  the  test  bed  requirements  were  rather  modest. 

Imaging  devices  having  scan  widths  of  5 1 2 pels  or  less  and  an  operating  speed  of  less  than 
10  megapels  per  second  were  available.  During  this  period,  a Small  Drum  Test  Bed  (SDTB) 
was  developed  which  consisted  of  an  optical  bench  having  a rotating  drum  1 2 inches  in 
circumference  and  approximately  9 inches  wide.*  The  target  area  of  the  drum  was  illumi- 
nated by  a 1-kW  quartz-iodide,  single-filament  lamp.  During  the  planning  stages  of  the  first 
test  bed,  a decision  was  reached  that  a special-purpose  controller  made  from  high-speed 
microprocessor  chips  would  offer  image  acquisition  and  processing  advantages  over  a slower 
but  more  standard  minicomputer.  The  decision  appears  to  have  been  a valid  one.  To  date  the 
Memory  Control  Unit  (MCU)  has  proved  to  be  highly  adaptable  for  modification  and  up- 
grading to  add  new  interfaces  for  a number  of  peripheral  devices. 

During  the  second  year  of  the  program  the  SDTB  was  replaced  with  a new  optical 
bench  and  a larger-diameter  drum.  This  drum  has  a diameter  of  1 3.04  inches  and  is  identical 
to  the  scanning  station  requirements  of  the  Pitney-Bowes  equipment  under  development  by 
the  USPS,  developed  for  paper-handling  studies.  In  the  new  Large  Drum  Test  Bed  (LDTB) 
the  incandescent  illumination  source  was  replaced  with  a lamp  house  enclosing  two  fluor- 
escent tubes  containing  phosphors  selected  for  a controlled  spectral  bandwidth  having  high 
intensity  in  the  blue  end  of  the  spectrum.  This  compensates  for  the  poor  sensitivity  of 
silicon  imagers  at  the  blue  end  of  the  visible  spectrum.  A Baldwin  encoder  attached  to  the 
main  drum  shaft  produces  a pulse  for  every  0.005  inch  of  motion  at  the  surface  of  the 
cylinder.  This  offers  a convenient  method  of  resolution  control  at  200  picture  elements 
(pels)  per  inch  in  the  direction  of  copy  motion. 

During  the  second  year  a GFE  (government  furnished  equipment)  Bright  Industries 
tape  deck  was  interfaced  to  the  MCU,  providing  additional  storage  capability  for  image  data, 
permanent  records,  and  programs  generated  for  the  capture,  display,  and  processing  of 
images.  A GFE  display  terminal  was  also  interfaced  to  the  MCU  allowing  convenient 
operator  interface  to  the  system  and  providing  for  display  of  tabular  statistical  data  to  be 
observed  and  transmitted  to  a GFE  hard-copy  unit,  a Tektronix  Model  4602.  Late  in  the 
second  year  of  the  program  a Kennedy  Company  tape  deck  was  procured  which  allowed 
tape-to-tape  operations  to  be  performed,  thus  greatly  facilitating  the  analysis  and  formatting 
of  image  data. 

Also  during  the  second  year,  RCA  Princeton  began  a contract  to  develop  a single 
very  high-speed  imaging  device  which  can  meet  all  the  USPS  scanner  requirements  at  full 
resolution.  It  was  quickly  determined  that  the  USPS/NOSC  test  bed  did  not  have  a 
capability  to  accommodate  full-scale  tests  of  this  type  of  device,  particularly  if  full-speed 
images  were  to  be  acquired.  Further,  an  assessment  of  test  bed  sources  throughout  industry 
indicated  that  no  such  test  facility  was  available  anywhere.  For  this  reason  plans  were 
immediately  begun  to  upgrade  the  test  bed  to  ensure  that  meaningful,  full-scale  tests  of  this 
type  of  device  (and  others  like  it  which  may  be  forthcoming)  can  be  accommodated. 

It  is  intended  that  this  report  will  serve  as  a reference  document  describing  the 
performance  capabilities  of  the  upgraded  test  bed  configuration. 

*1  inch  « 25.4  mm 


SYSTEM  CONFIGURATION  - DATA  FLOW 


The  significance  of  the  changes  being  made  in  upgrading  the  system  can  best  be 
described  by  comparing  a block  diagram  of  the  existing  system  with  one  depicting  the 
system  as  it  is  intended  to  look  at  the  end  of  the  current  fiscal  year. 


FY76  CONFIGURATION 

Figure  A1  shows  the  configuration  of  the  ICAS  as  it  existed  at  the  beginning  of  this 
contractual  year  (9  October  1976).  At  this  time,  the  LDTB  shown  in  the  upper  left  corner 
of  figure  A1  was  essentially  complete  including  the  fiuorescent  illumination  system,  the 
synchronous  motors,  and  the  Baldwin  encoder.  During  this  period  of  operation  of  the 
ICAS,  the  principal  scanning  device  used  was  the  Fairchild  CCDl  21 . This  device  provides  a 
scan  width  of  1 728  pels  and  operates  at  speeds  up  to  1 megapel  per  second,  which  was 
adequate  for  the  slow  acquisition  of  images  which  were  acquired,  formatted  line-by-line  in 
the  solid-state  memory,  and  recorded  on  the  Kennedy  magnetic  tape  unit. 

Very  simple  support  electronics,  derived  mostly  from  Fairchild  recommendations, 
were  used  to  drive  the  imaging  device  clock  inputs.  A simple  ac-coupled  circuit  was 
provided  adjacent  to  the  scanning  device  to  amplify  and  buffer  the  output  video  signal  for 
transmission  to  the  electronics  enclosure  at  the  upper  rear  of  the  LDTB. 

The  incoming  signal  was  presented  to  a Datel  SHM-UH  sample-and-hold  module 
which  stabilized  the  amplitude  of  the  video  signal  for  an  entire  clock  period. 

This  stabilized  signal  was  then  fed  to  the  Datel  ADC-UH6B  analog-to-digital  (A/D) 
converter.  The  A/D  converter  provided  digitization  of  the  analog  video  signal  at  a rate  of  up 
to  10  megapels  per  second.  The  output  from  the  A/D  converter  was  a 6-bit  parallel  digitized 
signal  which  was  routed  to  both  the  MCU  and  the  Digital  Image  Analyzer  (DIA). 

The  MCU  accepted  the  6-bit  pel  data  and,  through  the  use  of  an  input-packing 
circuit,  formatted  eight  such  6-bit  samples  into  a single  48-bit  digital  word  which  was  then 
available  for  transmission  and  storage  into  the  semiconductor  Frame-Store  Memory  (FSM). 
During  acquisition  of  an  image,  the  MCU  continued  to  accept  digital  data  in  this  manner 
from  the  A/D  converter  until  a line  of  data  had  been  acquired.  The  process  then  continued 
as  additional  lines  of  data  were  made  available  from  the  CCD  scanning  device,  until  the 
entire  image  capacity  of  the  FSM  was  filled  or  until  an  entire  page  of  data  had  been 
captured.  The  MCU  was  capable  of  transmitting  48-bit  data  words  to  the  FSM  and  was  also 
capable  of  providing  addresses  for  the  recall  of  data  words  from  the  memory  in  accordance 
with  control  instructions  within  the  MCU  itself. 

The  capacity  of  the  FSM  was  exceeded  when  a full  page  of  image  data  was  recorded. 
The  only  way  to  provide  storage  for  the  entire  image  page  was  to  record  the  information 
digitally  onto  magnetic  tape.  Data  from  the  MCU  were  recalled  from  the  FSM  on  a line-by- 
line basis  and  broken  into  8-bit  bytes  which  were  then  presented  to  the  Kennedy  Format 
Control  Unit  (FCU)  and  passed  on  to  the  Kennedy  tape  deck  for  permanent  recording. 

Other  data  such  as  programs  and  data  files  could  be  written  on  the  magnetic  tape  under  the 
control  of  the  Tektronix  4023  terminal  which  was  provided  as  GFE  during  this  period  of 
test  bed  operation.  Data  could  also  be  retrieved  from  the  Kennedy  tape  deck  and  trans- 
ferred via  the  MCU  to  the  FSM.  By  use  of  the  MCU  it  was  also  possible  to  retrieve  a subset 
of  a page  of  image  data  from  the  FSM  and  reformat  it  into  6-bit  pels,  which  were  transferred 
for  display  to  the  Conrac  RQB-1  7 Monitor  which  was  furnished  as  GFE  during  this  phase  of 
the  test  operation. 
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FY76  configuration 


The  digital  6-bit  output  from  the  A/D  converter  was  also  presented  to  the  DIA.  The 
DIA  was  capable  of  accepting  these  6-bit  pels  at  a rate  of  2 1 megapels  per  second.  The  DIA 
was  capable  of  operating  in  30  different  modes.  These  modes  included  pel  brightness 
statistics  (PBS),  first  difference  statistics  (FDS),  and  run  length  statistics  (RLS)  modes,  each 
in  either  binary  or  Gray  code.  The  DIA  had  the  capacity  to  store  the  statistical  data  in  any 
of  these  modes  (S'A  by  1 1 inches)  at  200  by  200  pels  to  the  square  inch.  Data  were  stored 
in  64  memory  locations,  each  location  with  a capacity  of  24  bits  capable  of  accumulating  a 
total  of  approximately  16  000  000  statistical  increments.  At  the  end  of  a page  of  data 
analysis,  the  contents  of  the  64  memory  locations  were  transmitted  to  the  MCU,  where  they 
were  in  turn  converted  from  binary  to  decimal  representation  and  transmitted  to  the 
Tektronix  Model  4023  terminal  for  visual  presentation.  The  terminal  had  a direct 
connection  to  a Tektronix  4602  Hard-Copy  Unit  (HCU)  which  allowed  displayed  data  to  be 
printed  for  permanent  records.  The  HCU  was  also  made  available  as  GFE  during  this  phase 
of  the  ICAS  operation. 

Although  simple,  this  configuration  of  the  system  was  capable  of  performing  a 
number  of  useful  tests  supporting  the  characterization  and  limitation  analysis  of  CCD 
scanning  devices.  A great  deal  of  meaningful  data  was  acquired  by  the  use  of  this  configu- 
ration. Reference  A1  presents  some  of  the  theory  on  which  data  acquisition  investigations 
have  been  based.  Data  on  prestorage  processing,  compression,  image  enhancement,  and 
image  storage  and  retrieval  are  presented  in  NELC  TR  2020  (ref  A2). 


UPGRADED  CONFIGURATION 

On  15  March  1976  NOSC  awarded  a contract  to  RCA  Princeton  for  the  design, 
fabrication,  and  delivery  of  a very  high-speed  imaging  device  which  could  accommodate 
most  of  the  high-speed  image  acquisition  goals  of  the  USPS.  Delivery  of  the  first  sample  of 
this  imager  was  made  15  June  1977.  The  configuration  of  this  imager  is  quite  unlike  that 
of  any  previous  scanning  device.  It  provides  four  parallel  output  channels  each  having  a 
video  rate  of  21  megapels  per  second.  The  device  operates  in  the  time-delay  integration 
(TDI)  mode.  Because  of  the  simultaneous  high-speed  output  into  four  separate  channels 
there  is  a requirement  for  a corresponding  four-channel  acquisition  path  in  the  ICAS.  In 
order  to  evaluate  and  characterize  the  device  at  its  design  goal  speed,  it  is  necessary  that  all 
four  channels  of  the  data  path  be  compatible  with  the  21-megapel-per-second  video  data. 

Another  reason  for  upgrading  the  test  bed  was  to  remove  the  GFE  which  had  been 
borrowed  from  Navy  programs.  The  Navy  programs  were  beginning  to  utilize  these  equip- 
ments to  an  extent  which  would  eventually  cause  scheduling  conflicts  in  the  performance  of 
tests. 

Figure  A2  is  a block  diagram  of  the  upgraded  system  configuration.  There  are  three 
significant  features  to  this  block  diagram.  The  first  is  that  a four-channel  capability  is 
required  beginning  at  the  imaging  device  itself  and  continuing  until  the  data  reach  the 
“personality  ’ modules.  The  second  feature  is  the  greatly  expanded  memory  requirement  for 
full-page  images  to  be  captured  at  the  required  speed.  The  third  feature  is  the  significant  fact 
that  none  of  the  equipment  required  to  support  the  tests  is  GFE. 

Naval  Electronics  Laboratory  Center,  First  Annual  Report  Advanced  Mail  Systems  Scanner  Technologv 

NELCTR  1 965,  October  22,  1975  “ 

Naval  Electronics  Laboratory  Center,  Second  Annual  Report  Advanced  Mail  Systems  Scanner  Technoloay 
NELC  TR  2020  October  1976  “ " — ' 
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F'igiirc  A2.  Image  Capture  and  Analysis  System  upgraded  configuration. 


No  major  modifications  are  reriuired  of  or  upon  the  LDTB.  The  same  lens,  drum, 
and  illumination  source  are  expected  to  he  adeipiate  lor  operation  ol  the  RCA  1 Dl  imager. 

The  clock  driver  board  which  I'ormerly  supported  the  l airchild  ((1)121  imager  will 
be  replaced  by  the  four-channel  RCA  device  driver  which  will  be  shipped  trom  Princeton. 

The  four  channels  of  output  video  data  will  be  bullered  so  that  they  can  be  sent  to  the 
Storage,  Processing,  Analysis  and  Display  l-.iiuipment  (SPAl)h).  The  sample-and-hold  and 
A/D  converter  modules  now  residing  in  the  simple  electronics  card  bin  on  top  of  the  LDTB 
will  be  bypassed  and  the  functions  of  multichannel  digitization  will  be  accomplished  in  the 
SPADE. 

The  functions  of  all  modules  of  the  test  bed  are  outlined  here  and  are  completely 
covered  in  the  body  of  this  report.  This  simplified  description  will  provide  the  reader  an 
overview  of  the  detailed  description  which  follows.  It  also  may  be  helplul  in  tollowing  the 
continuity  of  data  flow  through  the  system. 

After  data  are  transmitted  in  four  analog  video  streams  from  the  LDTB  to  the 
SPADE,  the  signals  are  fed  to  the  gain  and  level  circuits.  The  gain  and  level  circuits  are  in- 
cluded in  the  same  enclosure  as  the  Phoenix  Data  A/D  converter  modules.  It  is  the  purpose 
of  the  gain  and  level  circuits  to  provide  offset  and  amplification  ot  the  analog  signals.  Ad- 
justments will  be  made  to  the  illumination  level  in  the  LDTB  and  the  gain  ot  the  butler 
amplifiers  so  that  the  full  dynamic  response  range  (from  white  to  black)  ol  the  CCD  imager 
will  be  reached  when  BaSO^  (barium  sultate)  white  standard  and  black  felt  targets,  respec- 
tively, are  used  for  calibration.  Normal  dynamic  response  from  copy  substrates  having  less 
reflectance  than  the  white  standard  and  imprinted  with  ink  having  more  reflectance  than 
the  black  standard  will  not  utilize  the  full  dynamic  range  of  the  ICAS.  By  increasing  the 
gain  of  the  video  signal  and  adjusting  the  bias  (the  dc  level),  it  is  possible  to  adjust  the  video 
signal  so  that  it  utilizes  almost  all  the  dynamic  range  ot  the  A/D  converter  and  the  remainder 
of  the  system.  Control  signals  indicating  the  desired  gain  and  level  settings  will  be  generated 
within  the  MCU.  These  signals  will  be  sent  to  all  four  gain  and  level  modules,  which  will  be 
simultaneously  adjusted  to  the  same  values  of  gain  and  level.  The  outputs  from  the  gain  and 
level  circuits  will  be  buffered  to  operate  between  -2  and  +2  volts  and  will  have  a low  output 
impedance. 

The  data  will  then  be  converted  to  6-bit  digital  signals  by  the  set  of  four  Phoenix 
Data  A/D  converters.  The  input  voltage  will  range  between  -2  and  -i-2  volts.  There  will  be 
three  model  1 106-60  A/D  converters,  each  with  a capability  of  operating  at  rates  up  to  60 
million  conversions  per  second.  There  will  also  be  one  model  1 106-100  A/D  converter  which 
has  an  operating  capability  up  to  100  million  conversions  per  second.  The  choice  of  A/D 
converters  stems  from  the  fact  that  the  maximum  speed  required  from  a four-channel  scan- 
ning device  is  21  megapels  per  second.  This  speed  can  be  accommodated  by  the  model 
\ 1 106-60.  If  a two-channel  device  were  to  be  developed  and  42  megapels  per  second  were 

required,  two  of  the  1 106-60  devices  would  be  capable  of  providing  the  6-bit  conversion. 

In  the  event  that  a fiying-spot  scanner  or  an  extremely  high-speed  imager  having  the  single- 
channel capability  of  84  megapels  per  second  were  to  be  developed  in  the  future,  the  single 
1 106-100  would  be  capable  of  handling  the  84-megapel-per-second  data  rate.  In  other  words, 
the  choice  of  A/D  converters  selected  allows  for  future  growth  by  permitting  the  system  to 
accept  new  devices  as  they  become  available. 

Because  of  the  cable  lengths  required  between  the  A/D  converter  and  the  modules  to 
which  the  outputs  are  connected,  all  signals  leaving  the  A/D  converter  enclosure  will  be 
balanced-differential  emitter-coupled  logic  (ECL)  data  and  control  paths.  The  outputs  from 
the  A/D  converter  enclosure  will  be  presented  to  the  Dl  A. 
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The  DIA  already  exists  as  described  in  the  FY76  test  bed  report.  Upon  demand, 
analysis  data  will  be  transmitted  from  the  DIA  to  the  MCU  via  the  II-HE  488  (GPIB)  inter- 
face. (The  FY76  configuration  required  a separate  interface.)  At  present  the  DIA  accepts 
a single  channel  of  pel  data  at  rates  up  to  21  megapels  per  second.  If  a requirement  exists 
for  full-page  analysis,  including  all  four  channels  at  21  megapels  per  second  each,  three  more 
modules  almost  identical  to  the  existing  one  would  be  required.  At  the  present  time  the 
other  three  modules  are  not  under  consideration  for  two  reasons.  It  may  be  possible  to 
obtain  sufficient  analysis  data  on  a less  than  fully  populated  sample  of  page  data  in  order  to 
make  a detennination  as  to  the  type  of  image  being  acquired.  In  other  words,  it  will  probably 
be  permissible  to  acquire  every  fourth  pel  in  a page  of  data  and  obtain  proportionately  the 
same  statistical  distribution  of  events  as  if  the  full  22.44  megapels  per  page  were  analyzed. 
Also,  this  concept  can  be  verified  by  storing  the  full  page  of  data  and  analyzing  the  entire 
22.44-megapel  page  at  a slower  rate.  The  other  three  modules  of  the  DIA  would  then  be 
fabricated  only  if  absolutely  necessary. 

Another  24-pair  set  of  balanced-differential  ECL  signals  is  fed  from  the  A/D  converter 
enclosure  to  either  the  Hardware  Illumination  Corrector  (HIC)  or,  bypassing  this  function, 
directly  to  the  Personality  Chassis  (PC).  Althougli  the  HIC  has  not  been  fabricated,  the 
plans  for  a version  accepting  data  at  a 21-megapel-per-second  rate  have  been  detailed. 
Calibration  data  for  the  HIC  are  obtained  by  scanning  a section  of  “white  standard”  mater- 
ial across  the  entire  width  of  the  copy  and  using  the  resulting  response  profile  as  calibration 
input.  By  using  the  calibration  curve  on  a line-by-line  basis,  pel  values  can  be  provided  at 
the  output  which  are  normalized  against  nonuniformity  of  response  resulting  from  illumi- 
nation source  optical  shading  and  imaging  device  response  nonuniformity.  A decision  to 
provide  three  other  modules  of  the  illumination  corrector  which  would  allow  operation  at 
the  full  rate  of  84  megapels  per  second  will  be  postponed  until  the  performance  of  the  first 
module  has  been  tested. 

The  24  pairs  of  balanced-diff  .'rential  ECL  signals  emerging  either  from  the  A/D  con- 
verter enclosure  or  a fully  populated  HIC  are  fed  to  the  PC.  It  is  the  function  of  this  equip- 
ment to  accept  digital  pel  data  from  a variety  of  imaging  devices  at  rates  of  up  to  84  mega- 
pels per  second.  This  equipment  formats  the  data  into  sequences  of  48-bit  digital  words 
which,  when  routed  through  the  Memory  Interface  Unit  (MIU),  can  be  selectively  stored  in 
the  eight  semiconductor  memory  modules.  Because  of  the  wide  variety  of  imaging  device 
outputs  it  is  expected  that  a number  of  different  personality  modules  may  be  required  in 
order  to  satisfy  the  rather  unique,  but  very  high-speed,  data  rates  required  from  each  imager 
or  set  of  imagers  under  test.  An  example  of  a very  complicated  interface  for  the  RCA  TDI 
imager  is  described  in  the  body  of  this  report.  If  room  permits,  more  than  one  personality 
module  will  reside  in  the  PC  at  one  time  so  that  imaging  devices  can  be  exchanged  on  the 
test  bed  without  the  need  for  reloading  an  entire  set  of  circuit  boards  for  each  type. 

As  mentioned,  the  output  of  the  PC  consists  of  48-bit  digital  words  representing  the 
brightness  levels  of  eight  adjacent  picture  elements.  These  are  fed  to  the  Memory  Interface 
Unit  (MIU),  where  they  are  demultiplexed  to  one  of  the  eight  solid-state  FSM  modules.  The 
MIU  acts  as  a distributor,  or  “dealer”  for  the  48-bit  words.  In  most  cases  64  pels  are  de- 
multiplexed into  48-bit  words  which  are  sent  simultaneously,  one  to  each  of  the  eight  FSM 
modules. 

The  FSM  modules  accept  the  data  as  distributed  from  the  MIU  and  store  the  data  in 
buffer  registers  until  a write  command  is  issued  by  the  MIU.  The  write  command  is  given  to 
all  eight  modules  simultaneously  and  the  words  are  then  stored  into  locations  within  the  FSM. 
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Address  locations  for  the  data  storage  are  generated  and  transmitted  to  the  memory  modules 
by  the  MiU.  The  addresses  for  storage  within  the  memory  will  not  necessarily  be  sequential 
because  the  data  accumulated  by  the  test  bed  may  come  from  portions  of  the  imaging  de- 
vice which  are  viewing  different  portions  of  the  copy  on  the  LDTB.  In  almost  all  cases  an 
attempt  will  b4  made  to  store  the  data  in  the  FSM  in  such  a fashion  that  sequential  retrieval 
addresses  can  be  given  for  the  withdrawal  and  presentation  of  a full  page  of  copy. 

At  the  present  time  there  is  no  plan  to  attempt  to  retrieve  the  information  from  the 
memory  modules  at  the  same  high-speed  rate  at  which  it  was  recorded,  but  provisions  are 
being  made  so  that  at  a later  time,  if  it  is  desirable  to  exercise  or  stress  a communication 
system  with  data  at-speed,  this  feature  can  be  added  to  the  test  bed. 

The  MCU  is  the  master  control  center  for  the  entire  test  bed.  This  unit  can  operate 
on  48-bit  words  and  is  connected  directly  to  the  MIU  so  that  two-way  data  can  be  trans- 
mitted between  the  MIU  and  the  MCU.  Software  algorithms  can  be  executed  on  image  data 
to  prove  the  feasibility  of  such  enhancement  and  compression  techniques  as  may  be  required. 
The  MCU  also  provides  a high-speed  data  output  port  to  the  Versatec  model  1200A  Printer/ 
Plotter  and  an  I/O  port  compatible  with  the  IEEE  GPIB  which  controls  the  operation  of  the 
HlC,  DIA,  and  gain  and  level  circuits.  It  also  provides  a compatible  I/O  channel  to  the 
Kennedy  model  9217  ECU  which  in  turn  controls  two  model  9000  tape  decks.  By  use  of  the 
MCU  and  the  MIU,  data  can  be  transmitted  between  tape  storage  and  semiconductor  memory 
in  either  direction. 

A Tektronix  model  4051  terminal  is  connected  to  both  the  GPIB  and  the  Versatec 
1200A.  It  is  possible  to  perform  most  of  the  man-machine  interaction  with  the  imaging  test 
bed  via  this  terminal.  The  connection  to  the  printer/plotter  provides  a method  of  producing 
hard-copy  records  of  data  presented  on  the  terminal  display. 

There  exists  an  input  to  the  system  which  allows  Navy  data,  such  as  from  a video 
transmission  system  (VTS)  or  from  a radar  scan  converter,  to  be  entered  into  the  test  bed. 
This  provides  a method  whereby  Navy  data  can  be  analyzed  and  processed  by  the  ICAS. 

A Conrac  RQB-1  7C  video  monitor  is  also  provided  in  the  test  bed.  This  display 
allows  high-quality  presentation  of  portions  of  the  image  data.  Typically  the  area  of  display 
is  limited  to  approximately  440  by  440  pels  per  second  at  a flicker-free  rate.  The  64  grey- 
scale brightness  levels  afforded  by  6-bit  digital  data  can  be  accommodated  by  the  monitor 
system. 

This  completes  a general  description  of  the  data  flow  through  the  system.  Figure  A3 
depicts  the  planned  physical  layout  of  the  entire  ICAS.  The  more  detailed  description 
which  follows  will  amplify  the  operation  descriptions  of  each  of  the  modular  functions 
which  are  incorporated  in  the  test  bed. 
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This  section  describes  each  major  function  of  the  ICAS.  Data  for  those  portions  of 
the  system  which  remained  unchanged  from  the  FY76  system  have  been  taken  from  the 
FY76  annual  report.  New  functions  which  have  been  designed  but  are  not  yet  operational 
will  be  described  as  they  are  expected  to  perform  after  being  integrated  into  the  system. 

It  is  the  goal  of  the  report  to  provide  a comprehensive  description  of  the  system 
and  its  capabilities.  It  is  not  intended  that  this  document  be  used  as  a maintenance,  soft- 
ware design,  or  operator’s  manual. 
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LARGE  DRUM  TEST  BED  (LDTB) 

Figure  A4  shows  the  LDTB  as  configured  in  FY76.  During  FY76  the  imager  used  was 
a Fairchild  CCDl  21  1 728-element  linear  array.  The  circuit  card  enclosure  presently  con- 
tains digital  clock  and  control  logic,  sample-and-hold  module,  A/D  converter,  and  line  driv- 
ers tor  both  the  DIA  and  the  MCU.  A detailed  description  of  the  FY76  LDTB  can  be  found 
in  reference  A2,  appendix  C. 

In  the  upgraded  configuiation,  the  sample-and-hold  module  and  the  A/D  converter 
will  be  replaced  by  four  high-speed  A/D  converters,  each  with  an  integral  sample-and-hold 
amplifier. 

The  40.96-inch-circumference  drum  was  temporarily  replaced  with  a smaller  drum  of 
13.65-inch  circumference  in  order  to  accomplish  the  task  of  scanning  documents  at  eight 
different  resolutions  ranging  from  1 20  to  600  pels  per  inch.  This  allowed  the  quadrature 
clock  pulses  from  tl.e  incremental  shaft  encoder  to  be  counted  down  in  such  a way  that 
line-rate  pulses  could  be  derived  for  each  of  the  various  resolutions  required.  The  40.96- 
inch-circumference  drum  affords  a Hatter  target  area  and  is  the  one  used  for  TDI  tests  on 
the  LDTB. 


IMAGERS  ACCOMMODATED 


The  first  imager  tested  on  the  early  system  configuration  was  the  Fairchild  CCDl  10 
imager,  256-element  array.  Thi.s  device  was  operated  at  about  9 megapels  per  second  in 
order  to  demonstrate  image  acquisition  capability  at  close  to  20  pages  per  second.  A nec- 
essary assumption  was  that  eight  of  these  imagers  could  be  optically  abutted  in  order  to 
scan  the  entire  8'/2-inch  dimension  of  a page  at  a resolution  of  200  lines  per  inch. 

After  a magnetic  tape  unit  was  acquired  and  added  to  the  system,  the  capability  was 
expanded  for  the  capture  and  storage  of  full-page  images  on  magnetic  tape.  To  acquire  full 
images,  a CCDl  21  imager  (a  1 728-element  linear  array)  was  installed.  Because  of  speed 
limitations  of  the  magnetic  tape  unit,  image  acquisition  is  accomplished  at  very  slow  speeds 


— on  the  order  of  1 1 5 kilopels  per  second. 

Several  problems  were  encountered  with  the  CCDl  ' > The  first  was  a difference 
in  output  levels  of  the  analog  charge  transport  registers.  Another  problem  was  a dc  offset 
when  the  compensation  amplifier  portion  of  the  chip  was  illuminated.  This  required  that 
the  output  from  the  imager  be  ac-coupled  to  the  video  preamplifier.  A third  problem  in- 
volved the  low  operating  speed  of  the  device.  In  order  to  maintain  linearity  at  very  low 
operating  speeds,  the  devices  must  be  specially  selected. 
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These  problems  were  largely  alleviated  with  a later  design  of  the  CCDl  21 H imager. 

The  newer  design  contains  added  metalization  to  prevent  the  “odd-even”  problem  in  the  trans- 
port registers  and  the  “peripheral  vision”  around  the  compensation  amplifier.  In  addition, 
this  new  design  contains  an  internal  preamplifier  which  boosts  the  video  output  level  to 
about  700  mV  from  the  original  100.  The  selected  CCDl  21 H imager  provided  far  superior 
performance  than  the  first  CCD  121. 

Another  imager  that  has  been  tested  very  briefly  on  the  LDTB  is  the  RCA  TCI  155 
solid-state  television  camera  which  uses  the  SID  5 1 232  area-imaging  device.  In  normal 
operation  the  camera  is  a standard  525-line,  closed-circuit  TV  camera  with  a resolution  of 
320  pels  per  line;  however,  it  has  been  modified  to  operate  in  the  time-delay  integration 
(TDI)  mode.  A detailed  description  of  TDl  operation  can  be  found  in  reference  A2,  page 
CAl. 

Future  imagers  to  be  tested  on  the  LDTB  are  the  newly  fabricated  prototype  tracking- 
imager  chips  from  RCA,  a CCD131  imager  organized  as  a 1024-by-l  linear  array,  and  the 
Scanning  Subsystem  for  the  USPS  printer  and  paper-handling  equipment  (PPHE)  input  unit 
designed  by  Fairchild  which  contains  two  optically  abutted  CCD131  imagers. 
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BUFFER  AMPLIFIERS 

For  testing  the  CCDl  10  imagers,  the  buffer  amplifier  in  figure  A5  was  used  with 
two  modifications.  The  capacitive  coupling  on  the  output  of  the  733  video  amplifier  and 
the  dc-clamp  circuits  were  not  used.  In  that  configuration  the  CCDl  10  imager  was  tested 
at  pel  rates  of  up  to  about  9 megapels  per  second.  The  overall  bandwidth  of  the  buffer 
amplifier  is  about  40  MHz. 

When  the  CCDl  21  was  installed  in  the  test  bed  and  run  at  much  slower  rates,  the 
problem  of  low-frequency  drift  became  apparent.  A technique  of  dc  coupling  was  attempt- 
ed. There  was,  however,  a dc  level  shift  which  was  attributed  to  stray  illumination  falling 
on  the  chip  in  the  vicinity  of  the  compensation  amplifier.  As  an  alternative,  the  dc  clamp 
circuit  shown  was  used.  This  circuit  has  a speed  limitation  of  about  1 MHz  due  to  the  level- 
shifter  circuits.  Since  all  work  thus  far  utilized  the  magnetic  tape  unit  for  image  storage, 
the  imager  has  been  operated  at  speeds  well  under  1 MHz.  A discrete  level  shifter  may  be 
necessary  when  the  full-page  frame-store  memory  is  implemented,  in  order  to  allow  higher- 
speed  image  acquisition. 

The  new-design  CCDl  21 H contains  an  on-chip  preamplifier  which  provides  a peak 
video  output  of  600-700  mV  instead  of  100-200  as  on  the  CCDl  21 . With  this  increased 
output  level  the  733  video  amplifier  was  no  longer  needed.  Also,  with  the  older  configuration 
of  the  ICAS,  full-size  images  had  to  be  stored  on  magnetic  tape  as  they  were  acquired.  Tlie 
time  required  to  write  an  image  line  (1 728  pels)  on  tape  is  about  37  ms.  Therefore,  image 
acquisition  was  a necessarily  slow  process  with  the  imager  operating  at  about  1 14  kHz. 

With  this  slow  speed  the  40-MHz  differential  amplifier  could  be  replaced  with  a simpler 
high-speed  operational  amplifier  allowing  a wider  range  of  control  over  the  gain  and  level  of 
the  video  output.  A schematic  of  this  amplifier  is  shown  in  figure  A6. 
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Figure  AS.  Buffer  amplifier  forCCD121H. 


As  the  ICAS  is  upgraded  with  the  addition  of  the  full  frame-store  memory,  the  rates 
at  which  images  may  be  scanned  will  be  limited  by  the  imaging  devices  and  associated  cir- 
cuitry. At  this  time  the  output  from  the  CCD121H  will  be  amplified  and  level-shifted  by 
the  digitally  controlled  gain  and  level  circuitry  now  in  fabrication.  The  buffer  amplifier 
associated  with  the  imager  will  then  be  an  LH0033  unity-gain  buffer  amplifier  which  will 
drive  a 50-ohm  coaxial  cable.  The  LH0033  has  a bandwidth  in  excess  of  50  MHz. 


IMAGER  DRIVERS 


A schematic  of  the  clock  driver  circuitry  is  shown  in  figure  A7.  This  circuit  has 
been  used  to  drive  all  the  CCD  linear  arrays  tested  to  date.  The  programming  switches 
shown  on  the  left  are  used  to  set  up  the  counter  to  count  the  number  of  pels  clocked  out 
of  the  imager  plus  the  overhead  time  during  which  the  accumulated  charge  is  transferred 
from  the  photosites  to  the  charge  transport  registers.  For  example,  the  CCD121H,  which 
has  1 728  pels,  requires  a minimum  of  19  clock  cycles  to  transfer  the  charge  to  the  trans- 
port registers,  and  thus  the  counter  is  set  to  count  a sequence  of  1 747  cycles  per  line. 

Decoding  of  counter  outputs  7755,  7765,  and  7767  (octal)  is  used  to  generate  the 
transfer  gate  pulses  and  shown  in  the  timing  diagram  in  figure  A8. 

Clock  outputs  from  75451  clock  drivers  have  a diode  clamping  network  used  to  pre- 
vent negative  clock  spikes  from  pulling  any  of  the  clock  lines  below  the  imager  substrate 
voltage.  There  is  also  an  adjustable  negative  voltage  supply  on  the  substrate  so  that  the 
substrate  can  be  biased  slightly  below  ground.  The  reason  for  this  precaution  is  that  if  the 
clock  lines  go  below  (more  negative  than)  the  substrate  voltage,  there  is  a resulting  charge 
injection  into  the  analog  transport  registers  which  masks  any  video  information  in  a portion 
of  each  line. 
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Figure  A8.  Transfer  gate  timing  diagram. 
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GAIN  AND  LEVEL  CIRCUITS 

The  1C  AS  scanner  can  be  set  up  to  perform  either  of  two  functions  required  by  the 
proposed  advanced  mail  scanner  system  (see  ref  A2).  These  are  the  prescanner  and  tlie  main 
scanner  functions.  For  the  prescanning  function  the  gain  and  level  are  set  up  according  to 
a “black  standard”  and  a “white  standard”  range  outside  which  no  real  video  is  expected  to 
be  received.  Thus,  video  image  data  from  mail  copy  will  fall  somewhere  within  the  A/D 
converter’s  dynamic  range.  After  a prescan  it  is  a function  of  the  system  controller  to  use 
image  statistics  to  calculate  values  of  level  and  gain  for  the  main  scanner  function.  This  will 
allow  the  same  image  data  subsequently  scanned  by  the  proposed  main  scanner  to  utilize 
the  full  dynamic  range  of  the  A/D  converter  subsystem. 

To  allow  digital  control  of  the  gain  and  level  of  a video  amplifier,  the  circuitry  of 
figures  A9  and  AlO  is  used.  At  the  top  of  figure  A9  is  a latch  into  which  is  stored  a 3-bit 
code  representing  one  of  eight  possible  level  settings.  The  latch  outputs  are  used  to  control 
a resistive-ladder  current-switch  on  a 741  operational  amplifier  input.  The  two  potentio- 
meters associated  with  the  operational  amplifier  control  the  range  and  sensitivity  of  the 
binary  code,  resulting  in  a very  flexible  level  control. 

The  gain  adjustment  is  made  by  a series  of  FET  switches  arranged  in  a signal  atten- 
uator circuit  shown  in  the  middle  of  figure  A9.  A 2-bit  digital  code  is  stored  in  a latch 
(not  shown)  and  decoded  by  the  7442  decoder  to  select  and  turn  on  one  of  the  four  FET 
switches  to  provide  the  overall  gain  desired. 

The  two-stage  video  amplifiers,  a detail  of  which  is  shown  in  figure  AlO,  provide  a 
voltage  gain  of  about  14  dB  from  dc  to  40  MHz.  With  the  configuration  shown  in  figure  A9, 
a video  input  signal  of  0-700  mV  is  amplified  and  level-shifted  to  obtain  a ±2-volt  output 
to  drive  the  A/D  converter  subsystem.  For  this  operation  the  minimum  gain  is  selected, 
corresponding  to  the  bottom  FET’s  being  turned  on  in  the  gain  and  level  amplifier. 

To  obtain  the  digital  control  signals  for  the  gain  and  level  circuits,  an  IEEE  (GPIB) 
interface  will  be  designed  to  allow  communication  from  either  the  MCU  or  the  4051  termi- 
nal. This  interface  will  be  used  to  control  both  the  gain  and  level  circuitry  and  the  HlC 
when  implemented. 


2N3546 
T 100 

5.1  -50  pF 


(OPTIONAL) 


VIDEO 

OUTPUT 


2N2857  2N2857 

L 5.1-50pF< 


2N2857 


Figure  A 10.  Two-stage  video  amplifier. 
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A/D  CONVERTER  SUBSYSTEM 

In  the  FY76  configuration  of  the  ICAS  the  sample-and-holcl  module  and  the  A/D 
converter  are  Datel’s  SHM-UH  and  ADC-UH6B,  respectively.  These  units  provide  single- 
channel capability  at  a maximum  throughput  rate  of  10  megapels  per  second.  For  system 
operation  this  was  the  maximum  design  goal  of  the  memory  control  unit  and  the  CCDl  10 
256-element  imager.  This  configuration  provided  a 1 /8-page  acquisition  capability  in  real- 
time operation  at  20  pages  per  second. 

For  the  upgraded  ICAS  configuration,  the  goal  is  the  acquisition  of  a full  S'/z-by-l  1- 
inch  page  at  a 20-page-per-second  rate.  To  accommodate  this  rate  with  a four-channel  imager, 
a four-channel  A/D  conversion  subsystem  has  been  incorporated  into  the  ICAS.  Three  of  the 
A/D  converters  operate  at  speeds  up  to  60  megapels  per  second  and  the  fourth  at  speeds  up 
to  100  megapels  per  second.  This  subsystem  can  thus  handle  a variety  of  imager  configur- 
ations such  as: 

4 channels  at  up  to  21  megapels  per  second  each 

2 channels  at  up  to  42  megapels  per  second  each 

1 channel  at  up  to  84  megapels  per  second 

With  suitable  analog  multiplexing,  imagers  with  more  output  channels  could  be  accommoda- 
ted. 

These  A/D  converters  are  Phoenix  Data  Inc  models  ADC  1 106-60  and  ADC  1 106-100. 
Each  of  these  converters  employs  a parallel  conversion  technique  utilizing  a series  of  63 
voltage  comparators  and  high-speed  ECL  to  encode  the  63  comparator  outputs  into  a 6-bit 
digital  value.  Encoding  time  for  the  1 106-60  is  16.6  nanoseconds:  tor  the  1 106-100,  10 
nanoseconds. 

The  four  A/D  converters  will  be  housed  in  two  8%-inch  rack-mount  units,  two  con- 
verters per  enclosure,  with  necessary  power  supplies,  forced  air  cooling  (each  converter  re- 
quires 500  LFPM  air  flow),  and  signal  buffers.  Additional  signal  buffers  are  required  because 
the  A/D  converters  provide  only  single-ended  ECL  signals.  The  cabling  path  is  too  long  for 
single-ended  operation;  therefore,  buffers  will  be  added  to  drive  all  signals  differentially 
over  twisted-pair  lines.  It  is  also  planned  to  include  in  each  of  these  two  rack-mount  units 
the  analog  gain  and  level  circuits  used  to  provide  the  analog  inputs  for  the  converters. 

HARDWARE  ILLUMINATION  CORRECTOR  (HIC) 

The  illumination  source  for  the  LDTB  consists  of  two  special  high-brightness  fiuore- 
V scent  lamps.  These  are  GTE  Sylvania  FI  8T8H  lamps  with  a mixture  of  red,  green,  and  blue 

phosphors.  They  are  nominally  33-watt  lamps  in  15-watt  envelopes.  For  use  with  high- 
speed scanners,  the  lamps  must  be  operated  with  either  dc  or  high-frequency  ac  voltage.  In 
the  LDTB  a dc  supply  mounted  below  the  drum  is  used. 

Curves  of  brightness  across  fluorescent  tubes  show  a brightness  reduction  of  about 
147c  at  the  ends  with  respect  to  the  center  (fig  All).  When  mounted  and  enclosed  in  a 
lamphouse,  the  actual  reflected  brightness  variation  from  end  to  end  across  a uniform  page 
is  considerably  increased.  This  nonuniform  response  is  due  partly  to  the  finite  length  of 
the  tubes  and  partly  to  the  design  and  reflectance  of  components  in  the  interior  of  the 
lamphouse. 
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Figure  All.  Fluorescent  source  illumination  profile. 

There  are  additional  sources  of  nonuniformity  of  optical  response  in  the  system. 

These  sources  are  related  to  charge  transfer  efficiency  and  to  variation  in  response  of  the 
individual  photosites  of  the  imaging  device. 

Another  contributor  to  nonuniform  response  of  imagers  is  related  to  the  quality 
and  proximity  of  the  lens  assembly.  The  LDTB  employs  the  Micro  Auto  Nikkor  P55  f3.5 
lens.  This  photographic  lens  is  one  of  the  sharpest  lenses  available  for  35-mm  photography, 
and  has  a very  high  center-to-edge  resolving  power.  It  also  has  an  extreme  flatness  of  field 
and  high  image  contrast. 

The  initial  studies  of  illumination  correction  were  made  by  using  the  MCU  and  the 
FSM.  These  attempts  were  shown  to  be  slow  and  laborious  because  it  was  necessary  to  use 
the  magnetic  tape  deck  for  retrieval  and  storage  of  uncompensated  and  compensated  images. 
Accordingly,  a hardware  illumination  corrector  (HIC)  capable  of  real-time  operation  at  21  meg- 
apels per  second  has  been  designed  (but  not  fabricated)  for  future  compensation  studies. 

In  both  the  aforementioned  approaches,  ie,  the  software  and  hardware  implementa- 
tions, the  simplest  strategy  devised  thus  far  can  be  seen  in  figure  A12.  This  method  requires 
that  a calibration  scan  be  taken  of  a uniform  target  of  the  whitest  material  available.  East- 
man white  reflectance  paint,  which  is  barium  sulfate  mixed  with  a binder  material,  was 
selected  for  our  application.  This  white  reflectance  paint  was  sprayed  onto  a rigid  bar  which 
in  turn  can  be  mounted  on  the  test  drum.  The  acquired  calibration  curve  will  have  an  ap- 
pearance similar  to  that  shown  in  figure  A1 2(a).  The  process  is  continued  as  further  described 
in  the  figure. 

The  HIC  will  now  be  functionally  described  with  reference  to  the  block  diagram  in 
figure  A13.  The  following  discussion  pertains  to  an  imager  configuration  of  four  channels 
at  21  megapels  per  second  per  channel.  Only  single-channel  operation  will  be  described  and 
shown. 

The  HIC  receives  commands  to  operate  in  its  several  modes  via  the  GPIB  (IEEE  488 
interface). 

To  acquire  calibration  data,  the  ICAS  is  configured  to  accept  lines  of  captured  data 
while  the  imager  is  scanning  the  white  standard.  The  HIC  is  sent  a command  to  bypass  its 
normal  correction  function  and  to  multiplex  the  incoming  digital  video  data  directly  to  its 
output.  The  HIC  contains  a level  translator  for  converting  the  balanced-differential  ECL 
signals  received  from  the  A/D  converter  to  TTL  levels  during  this  acquisition. 
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Figure  AI2.  Illumination  correction. 
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Figure  A13.  Fiardware  Illumination  Corrector  block  diagram. 
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A single  sample  of  a line-scan  profile  or  more  probably  an  average  of  a number  of 
such  samples  will  be  accumulated  in  the  MCU.  If  a number  of  samples  are  taken,  they  are 
averaged  to  form  a composite  profile  of  the  system  response  to  the  white  standard  target. 

At  this  time  a second  mode  signal  is  sent  to  the  HIC  via  the  GPIB.  In  this  mode, 
the  process  of  sending  uncompensated  digitized  video  data  to  the  MCU  is  discontinued.  The 
ICAS  is  then  configured  to  transmit  the  1700  averaged  values  of  the  standard  brightness 
profile  from  the  MCU  to  the  HIC  via  the  GPIB.  The  1700  digital  values  are  stored  in  se- 
quence in  the  random-access  memory  (RAM)  of  the  HIC. 

The  transmission  of  a third  mode  signal  converts  the  HIC  to  its  normal  operating 
mode,  and  the  equipment  is  ready  to  correct  for  illumination  irregularities  on  copy  samples 
received  from  the  LDTB.  The  block  diagram  shows  that  the  precision  of  the  averages  of 
the  standard  illumination  profile  is  maintained  at  10  bits.  It  is  expected  that  fewer  bits 
(7  or  8)  will  be  sufficient,  but  conclusive  tests  have  not  been  made  as  yet. 

The  process  of  illumination  correction  is  accomplished  by  use  of  a read-only  memory 
(ROM)  lookup  table.  The  function  of  the  ROM  lookup  table  is  to  provide  a high-speed 
solution  to  the  equation: 

„ 63  X incoming  video  value 

Compensated  output  value  C = 

stored  calibration  video  value 

Rather  than  performing  the  actual  division  and  normalization,  the  6-bit  digital  value  of  a 
pel  and  the  corresponding  “n”-bit  calibration  value  obtained  from  the  RAM  are  presented 
as  an  address  to  the  ROM.  The  calculated  6-bit  value  of  the  corrected  result  is  obtained 
directly  from  the  ROM  output.  A partially  populated  table  of  the  stored  ROM  values  is 
shown  in  figure  A 1 4. 

The  dimensions  of  the  ROM  table  are  dependent  upon  the  accuracy  of  the  calibra- 
tion averages  contained  in  the  RAM.  For  example  if  the  values  of  correction  data  are 
carried  at  6 bits,  then  the  ROM  will  have  1 2 address  bits  and  its  dimensions  will  be  4096 
words  by  6 bits.  If  the  values  are  carried  to  10  bits,  then  16  address  bits  will  be  required 
and  the  ROM  dimensions  become  65  536  words  by  6 bits. 

No  alterations  to  the  ROM  are  required  unless  it  is  desired  to  modify  the  system 
transfer  function  of  the  amplitude  response.  This  may  be  desirable  in  order  to  tailor  the 
amplitude  function  to  provide  nonuniformity  corrections  to  a display,  printer,  or  logarith- 
mic function  generator.  No  alterations  to  the  RAM  are  required  unless  the  power  is  inter- 
rupted (because  the  RAM  is  volatile)  or  a component  in  the  optical  system  is  replaced 
or  altered. 

To  summarize  the  complete  operation  of  the  illumination  correction  procedure: 

1.  The  average  brightness  profile  for  the  calibration  is  stored  in  the  static  RAM  ij 

at  10-bit  (maximum)  precision.  This  brightness  profile  will  remain  in  memory  until  a re- 
calibration is  required. 

2.  Routine  USPS  copy  is  then  input  by  the  system.  Values  of  the  digitized  image 
data  and  corresponding  values  of  the  stored  calibration  curve  are  applied  to  the  ROM 
address  input  on  a pel-by-pel  basis. 

3.  Using  the  data  as  address  inputs,  the  ROM  provides  a 6-bit  corrected  pet  out- 
put for  further  processing. 
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Figure  A14.  Calculation  of  ROM  table  values. 
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PERSONALITY  CHASSIS 


The  objective  of  the  ICAS  is  to  store  and  retrieve  digital  images.  In  order  to  retrieve 
an  image,  and  not  random  data,  from  memory,  each  video  pel  must  be  stored  in  a known 
location.  In  other  words,  the  video  information  must  be  formatted  (in  memory)  in  a fixed 
geometric  pattern  that  is  compatible  with  an  output  reproduction  scheme.  The  storage 
data  structure  has  been  optimized  to  simplify  the  retrieval  and  display  problems.  Therefore, 
some  input  conditioning  is  necessary  to  accommodate  different  types  of  image  scanning 
equipment. 

The  video  image  can  be  considered  to  be  a matrix  of  video  samples  of  M X N dimen- 
sion, where  M is  the  number  of  pels  per  line  and  N is  the  number  of  lines.  The  memory 
system  is  a different  matrix  of  storage  locations  of  dimensions  B X W where  B is  the  number 
of  bits  per  word  and  W is  the  number  of  words.  Also,  one  pel  requires  6 bits  and  one  FSM 
word  equals  384  bits  (64  pels). 


M = 1700  PELS 


(0,0) 


IMAGE 


N = 2200  PELS 


B =384  BITS  (64  PELS) 
(0,0) 


FRAME- 

STORE 

MEMORY 


W = 65  536  BITS 


Because  the  memory  system  has  significant  access  and  cycle  times,  and  high-speed 
operation  is  required,  the  best  retrieval  scheme  is  to  read  sequential  words,  each  containing 
64  adjacent  video  pels.  In  hardware,  the  first  video  sample  (v^  q)  of  an  image  is  stored  in 
the  low-order  6 bits  of  memory  base  address  (Wj^),  and  the  entire  image  is  stored  by  simple 
incremental  indexing  through  image  and  memory  matrices. 

This  data  storage  scheme  is  most  efficient  when  the  scanning  equipment  produces 
a simple  noninterlaced  rectangular  scan  of  the  image.  In  this  case,  a scanner-dependent 
personality  module  performs  a simple  demultiplexing  operation  to  pack  6-bit  pels  into 
48-bit  words.  Each  word  is  stored  througli  a direct  memory  access  (DMA)  write  operation 
at  the  memory  cycle  rate.  Tlie  storage  addresses  are  generated  by  a simple  up-counter 
starting  from  a base  address.  When  scanner  equipment  produces  a video  data  stream  in  a 
scrambled  or  partitioned  format  or  divided  into  two  or  four  separate  channels,  a special 
personality  module  and/or  special  address  calculations  are  required  to  reorder  the  video 
samples  in  memory. 
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The  block  diagram  of  the  personality  chassis  is  shown  in  figure  A 1 5.  This  chassis  is 
divided  into  four  functional  areas  such  that,  by  adding  new  personality  logic  cards  or  re- 
placing the  existing  ones  with  a different  set,  a variety  of  scanning  schemes  can  be  accom- 
modated. 

In  the  simplest  case,  the  scanning  hardware  provides  a single  6-bit  data  stream  con- 
sisting of  consecutive  lines  of  video  starting  at  the  upper  left  corner  of  the  subject  image.  , 

These  data  are  received  via  balanced-differential  twisted-pair  ECL  transmission  lines  and 
demultiplexed  to  48-bit  words  containing  eight  pels  each.  After  conversion  to  TTL  logic 
levels,  the  48-bit  data  words  arc  sent  to  line  drivers  for  transmission  to  the  MIU  (unscrambling 
is  not  necessary  because  the  video  samples  are  transmitted  sequentially).  As  an  option,  the 
most-significant-bit  (MSB)-only  circuit  may  be  selected,  thresholding  the  data  at  the  value 
32  and  sending  a black-and-white-only  image  to  memory. 

More  complicated  situations  occur  when  the  scanner  hardware  sends  multiple- 
channel  video  to  the  personality  chassis  (PC).  In  one  example  (fig  A16)  two  Fairchild 
CCDI3 1 chips  are  used  to  generate  four  video  channels.  Each  chip  provides  half  of  each 
scan  line  to  form  a left/right  division  of  the  image.  Also,  each  chip  has  two  channels,  one 
for  odd-numbered  and  one  for  even-numbered  pels.  The  video  pels  are  separated  and  for- 
matted in  the  PC,  and  the  appropriate  left-half  and  right-half  addresses  are  generated  in 
the  MIU  hardware.  { 

In  the  RCA  TDI  imager  scanning  scheme,  four  video  channels  similar  to  those  in  i 

the  previous  case  are  presented.  However,  in  one  mode  the  left  and  riglit  sides  of  the  image 
are  scanned  from  the  edge  toward  the  center.  The  formatting  and  addressing  strategy  is 
shown  in  figure  A17.  The  PC  and  the  MIU  cooperate  to  demultiplex,  unscramble,  and 
store  the  video  in  a manner  such  that  no  gap  exists  at  the  center  of  the  image.  Since  the 
chip  scans  748  pels  per  line,  the  storage  requirements  are  twelve  384-bit  words  per  video 
line  with  20  unused  pel  positions.  These  blank  pel  positions  must  be  placed  at  the  ends  of 
each  video  line  in  order  to  avoid  a gap  in  the  center  of  the  image  when  the  stored  data  are 
retrieved.  This  is  accomplished  in  the  PC  by  placing  two  blanks  and  six  pels  in  memory 
module  2 address  a|  and  in  the  MICC  by  storing  eight  blank  pels  in  memory  module  1 
address  a j . This  arrangement  is  symmetrical  about  each  line  as  shown  in  figure  A 1 7 
(addresses  a I and  a 12)- 

The  personality  chassis  has  been  designed  with  the  maximum  possible  flexibility 
in  order  to  accommodate  other  scanning  formats  without  major  hardware  changes.  Four 
empty  card  slots  are  available  for  additional  personality  modules.  Alternatively,  the  exist- 
ing four-card  set  can  be  replaced  with  a card  set  tailored  to  a different  scanner.  ; 
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INTRODUCTION 

Postal  Service  goals  require  the  acquisition  of  image  data  at  the  rate  of  84  mega- 
samples per  second.  Previous  investigations  at  NOSC  have  led  to  the  conclusion  that  2^,  or 
64,  video  levels  are  adequate  for  the  acquisition  and  display  of  continuous-tone  images. 

The  product  of  the  84  megapels  per  second  times  the  6 bits  per  sample  defines  the  input 
data  rate  for  the  frame-store  memory  at  504  megabits  per  second. 

Althougli  not  a conclusive  fact  for  this  program,  previous  work  at  NOSC  has  indica- 
ted that  a resolution  of  200  by  200  pels  per  square  inch  in  the  original  image  is  adequate 
for  continuous-tone  photographs.  This  yields  a requirement  for  a storage  capacity  of 
40  000  pels  per  square  inch.  When  multiplied  by  6 bits  per  pel,  the  required  storage  capa- 
city becomes  240  000  bits  per  square  inch.  Therefore,  a total  capacity  of  22.44  megabits 
will  be  required  to  store  the  total  image  data  for  an  8'/2-by-l  1-inch  page  of  copy. 

The  high  input  data  rate  is  not  compatible  with  practical  memory  devices  so  a 
speed  versus  word  width  tradeoff  is  required.  In  order  to  utilize  readily  available  hardware, 
the  video  data  must  be  demultiplexed  from  6 bits  per  pel  to  some  number  (n)  pels  per 
memory  word.  This  results  in  a digital  word  rate  that  is  consistent  with  realizable,  low- 
risk  memory  systems.  Demultiplexing  is  accomplished  by  saving  n consecutive  video  samples 
(n  > 1)  in  a register  of  length  equal  to  6 n bits  (6  bits  per  pel).  The  resulting  data  words 
can  then  be  handled  by  subsequent  logic  at  84n  mega  words  per  second.  For  example,  if 
n=2,  then  the  84-megapel-per-second  video  data  would  be  converted  to  42-megawords- 
per-second  data  with  each  word  containing  two  pels,  or  1 2 bits.  The  eventual  choice  of 
a value  for  n is  determined  by  the  video  rate  and  the  available  memory  cycle  times. 

When  the  first  memory  module  (64k  words  times  48  bits)  was  procured,  the  state- 
of-the-art  memory  device  was  an  MOS  dynamic  RAM  organized  as  4k  words  by  1 bit.  The 
operating  speed  of  the  typical  4k  memory  chip  was  in  the  600-900- nanosecond  range,  with 
faster  chips  available  at  premium  cost.  An  additional  factor  to  be  considered  in  selection 
of  a memory  system  architecture  is  the  fact  that  industry  offers  off-the-shelf  basic  memory 
systems  organized  with  \ ord  widths  in  multiples  of  8 bits.  Table  A1  shows  how  an  increase 
in  the  multiplex  ratio  to  64  produces  a memory  system  384  bits  wide  and  achieves  the  re- 
quired speed  reduction  with  available  devices.  The  complete  memory  system  is  therefore 
64k  words  by  384  bits  with  acceptable  read/write  cycle  times  of  approximately  750  nano- 
seconds. This  memory  is  packaged  in  42  (vertical)  inches  of  a 19-inch  rack,  including  pow- 
er supplies.  The  current  cost  of  such  a memory  system  (at  approximately  0.5^  per  bit)  is 
about  SI 25  000. 


TABLE  Al.  EFFECTS  OF  MULTIPLEX  RATIO  n. 


Word 

Memory 

Word  Clot 

Multiplex 

Width, 

Frequency, 

Period, 

Ratio 

bits 

MHz 

ns 

1 

6 

84 

11.9 

2 

12 

42 

23.8 

4 

24 

21 

47.6 

8 

48 

10.5 

95.2 

16 

96 

5.25 

190.5 

32 

192  ' 

2.62 

381 

64 

384 

1.31 

762 
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The  full  frame-store  memory  system  can  be  conveniently  modularized  into  eight  sep- 
arate units.  The  ratio  n then  equals  eight  for  a single  memory  module  and  eight  modules 
form  a complete  system  (n=64).  The  interfacing,  control,  and  generation  of  the  memory  sys- 
tem becomes  a manageable  set  of  problems  despite  the  large  word  width. 

Figure  A 18  shows  how  the  multiplex  ratio  and  modularization  produce  a system 
with  a significant  number  of  identical  units.  Also  shown  in  figure  A 1 8 is  the  amount  of  ver- 
satility afforded  in  accommodating  different  sources  of  video  input.  Scanner  hardware  can 
input  data  to  the  memory  at  line  A,  B,  C,  or  D as  required.  The  only  hardware  affected  by  a 
new  scanner  is  the  appropriate  personality  module  plus,  in  some  cases,  the  Memory  Inter- 
face Control  Card  (MlCC). 

The  memory  module  is  a 64k-word  by  48-bit  self-contained  memory  subsystem.  It 
performs  the  basic  read  and  write  operations  over  an  interface  designed  for  high  reliability. 
The  interface  is  described  in  terms  of  the  MCU;  however,  its  features  and  principles  apply 
equally  to  operation  with  the  Memory  Interface  Unit  (MIU)  or  any  similar  equipment. 


THE  MEMORY  INTERFACE 

The  memory  interface  logic  is  divided  into  four  basic  parts  (fig  A 19);  address  input 
to  the  memory,  data  transmission  to  and  from  the  memory,  command  lines  to  the  memory, 
and  status  information  from  the  memory.  All  signals  associated  with  the  memory  are  trans- 
mitted over  differential  twisted-pair  lines.  High  common-mode  rejection  and  a 15-volt  com- 
mon-mode range  of  the  twisted-pair  line  drivers,  receivers,  and  transceivers  (75114/115/117) 
provide  for  highly  reliable  data  transfers. 

The  address  information  is  generated  in  the  central  processing  array  and  is  presented 
to  line  drivers  via  the  Memory  Address  Register  Bus  (MARB).  The  address  information  is 
actually  divided  into  two  parts.  One  part  is  a 16-bit  address  field  selecting  any  one  of  the 
available  641c  memory  words.  This  address  specifies  either  the  read  or  the  write  location  in 
memory.  In  addition,  six  independent  BYTE  SELECT  lines  are  provided  which  may  selec- 
tively enable  or  disable  t!ie  write  operation  on  any  combination  of  the  8-bit  bytes  in  the 
selected  word.  The  BYTE  SELECT  inputs  do  not  affect  read  operations. 

The  48  data  bits  are  transmitted  to  and  from  the  memory  over  a common  48-pair 
cable.  Forty-eight  twisted-pair  transceivers  operate  in  much  the  same  way  as  the  twisted- 
pair driver/ receivers  used  for  the  memory  address  and  command  lines.  The  only  difference 
in  the  memory  data  lines  is  that  they  operate  in  half-duplex  mode;  that  is,  data  transmission 
occurs  in  both  directions  (to  and  from  the  memory)  over  the  same  lines  but  not  at  the  same 
time. 

There  are  five  control  signal  input  lines  associated  with  memory.  These  are  the 
READ,  READ  ENABLE,  WRITE,  and  REFRESH  REQUEST  commands  and  the  REFRESH 
MODE  control  line.  The  memory  system  responds  to  input  commands  with  one  of  four  sta- 
tus or  control  replies  - DATA  AVAILABLE,  CYCLE  COMPLETE,  BUSY,  or  REFRESH 
BUSY.  These  commands  and  status  lines  are  used  in  various  ways  to  accomplish  one  of  the 
three  possible  memory  functions  (read,  write,  or  refresh).  Figure  A20  details  the  relative 
timing  bet./een  the  memory  command,  address,  data,  and  status  reply. 

The  read  operation  is  performed  by  simply  transmitting  the  appropriate  memory  ad- 
dress to  the  memory  and  initiating  a read  command  pulse.  The  memory  system  responds 
with  a BUSY  signal  while  the  memory  itself  performs  the  futiction  and  waits  for  recjuired 
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Figure  A19.  Memory  interface. 
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propagation  delays.  After  the  access  delay,  the  data  from  memory  are  available  on  the  48- 
bit  data  bus.  The  memory  responds  with  a DATA  AVAILABLE  pulse,  at  which  time  the 
memory  interface  tristate  buffers  may  be  enabled  to  the  controlling  device.  The  time/delay 
or  propagation  delay  from  initiation  of  the  READ  command  until  the  memory  responds 
with  the  data  and  the  DATA  AVAILABLE  pulse  is  approximately  450  nanoseconds.  The 
memory  system,  however,  is  not  yet  ready  to  accept  another  command.  The  BUSY  line  re- 
mains true  for  another  200  nanoseconds  because  of  internal  propagation  delays  in  the 
memory  system.  When  BUSY  is  removed,  the  CYCLE  COMPLETE  pulse  is  sent  by  the 
memory  indicating  that  the  present  cycle  has  been  completed. 

It  is  convenient  that  the  memory  system  contains  its  own  40-bit  data  register.  This 
permits  the  MCU  to  return  at  a later  time  (provided  a subsequent  read  or  write  operation 
has  not  been  performed)  and  simply  reenable  the  same  data  word  through  the  memory  tri- 
state buffer.  It  is  not  necessary  to  generate  another  address  and  READ  command.  This  fea- 
ture is  important  to  larger  systems  which  use  more  than  one  memory  module.  A type  of 
interleaving  is  possible  which  effectively  eliminates  the  read  access  delay  in  some  cases. 

In  the  write  operation  the  address  must  be  presented  to  the  memory  as  in  the  read 
operation.  The  data  to  be  written  into  memory  must  also  be  presented.  The  write  opera- 
tion is  initiated  by  a WRITE  pulse.  The  six  8-bit  bytes  of  a memory  word  may  be  individu- 
ally enabled  during  the  write  operation  by  use  of  the  BYTE  SELECT  lines;  any  byte  not  en- 
abled may  not  be  written  into.  The  response  of  the  memory  system  to  a write  operation  is 
identical  to  the  response  to  a read  operation. 

Since  the  memory  system  is  constructed  from  dynamic  MOS  memory  chips,  the  data 
within  the  memory  are  volatile  and  must  be  refreshed  on  a periodic  basis.  The  entire  mem- 
ory system  must  be  refreshed  every  millisecond.  This  requires  that  64  REFRESH  RE- 
QUEST signals  be  sent  to  the  memory  every  millisecond.  The  specification  for  full  refresh 
every  millisecond  is  determined  by  the  worst-case  conditions,  particularly  at  elevated  temp- 
eratures. In  a controlled-temperature  environment  this  specification  may  be  relaxed  consid- 
erably. 

The  memory  system  may  be  refreshed  in  two  different  ways.  If  desired,  the  refresh 
requirement  can  be  met  by  the  memory  system  itself  with  its  own  internal  logic.  With  the 
REFRESH  MODE  signal  in  the  appropriate  state  the  memory  system  generates  refresh  re- 
quests on  a periodic  (but  asynchronous)  basis  and  satisfies  the  minimum  refresh  require- 
ments. During  automatic  refresh  the  memory  system  disallows  any  READ  or  WRITE  com- 
mands attempted  during  the  refresh  cycle.  A signal  called  REFRESH  BUSY  is  transmitted 
by  the  memory  system  during  refresh  operations  to  inform  the  control  hardware  that  the 
memory  is  not  available  because  of  refreshing.  The  timing  of  the  refresh  cycle  is  approxi- 
mately the  same  as  that  of  a read  or  write  cycle. 
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During  certain  types  of  operation  with  the  memory  (namely,  capture  and  display  of 
video  data)  it  is  not  permissible  to  allow  interruption  of  the  read  or  write  cycle  by  automa- 
tic refresh.  During  such  times  the  refresh  mode  control  is  switched  to  inhibit  automatic  re- 
fresh. The  refresh  requirement  must  then  be  met  by  the  MCU  by  use  of  the  REFRLSH  RE- 
QUEST signal.  The  REFRESH  REQUEST  signal  initiates  a refresh  cycle  exactly  as  does 
the  internal  automatic  refresh.  It  may,  however,  be  controlled  in  time,  or  synchronized  to 
other  operations  of  the  system.  In  actual  application  this  REFRESH  REQUEST  signal  is 
sent  to  the  memory  during  video  line  sync  times  where  it  will  not  interfere  with  the  storing 
or  displaying  of  video  data. 


MEMORY  INTERFACE  UNIT  (MIU) 

INTRODUCTION 

In  the  pre-FY77  system  configuration,  the  MCU  was  the  only  hardware  that  commu- 
nicated with  the  memory  subsystem.  Because  only  one  memory  was  involved,  the  necessary 
input/output  and  control  logic  could  easily  be  contained  within  the  MCU.  In  addition,  vi- 
deo data  from  the  scanning  logic  were  demultiplexed  in  the  MCU.  The  result  was  that  all 
data  transfer  logic  to  and  from  the  memory  was  implemented  in  one  chassis. 

The  FY77  system  expansion  increases  the  memory  capacity  from  one  module  to 
eight,  and  new  scanner  hardware  provides  up  to  four  video  input  channels.  This  increase 
from  3.14  million  bits  to  25.16  million  bits  and  from  a single  data  channel  to  four  data 
channels  cannot  be  accommodated  in  the  existing  MCU  enclosure.  Therefore,  a separate 
Memory  Interface  Unit  (MIU)  is  being  added.  The  new  unit  will  act  as  a traffic  controller  to 
route  data  between  the  memory  modules  and  the  remainder  of  the  system  hardware.  In  ad- 
dition, it  will  perform  a direct  memory  access  (DMA)  control  function  to  route  scanner  data 
directly  to  the  memories  and  avoid  the  time  delay  necessary  in  the  MCU. 

The  video  demultiplexing  function  (previously  performed  in  the  MCU)  will  now  be 
done  in  a completely  separate  chassis  (the  PC).  The  video  input  from  the  new  four-channel 
scanners  is  increased  from  6 bits  to  24  and  the  output  to  the  memories  from  48  bits  to  384. 

The  MIU  must  perform  two  fundamental  functions.  First,  the  MCU  must  have  ac- 
cess to  any  of  the  eight  memory  modules  in  such  a manner  as  to  provide  software  upward 
compatibility.  This  implies  that  the  new  eight-module  configuration  should  appear  to  the 
MCU  as  a 5 1 2k-word  by  48-bit  system.  Second,  the  scanner  data  must  be  stored  at  an  effec- 
tive input  rate  of  84  megapels  per  second;  therefore,  the  memory  must  appear  to  the  scan- 
ner video  input  hardware  as  a 64k-word  by  384-bit  system.  This  configuration  change  is  im- 
plemented dynamically  in  the  MIU. 


HARDWARE  CONFIGURATION 

The  MIU  is  a card  cage  which  occupies  20.75  vertical  inches  of  a standard  19-inch 
rack.  The  MIU  is  partitioned  into  a control  function  (two  cards)  and  a data  handling  func- 
tion (eight  cards).  The  control  cards  are  8'/2-by- 1 5-inch  wirewrap  panels  with  a capacity  of 
about  200  chips.  The  eight  identical  memory  interface  cards  (MICs)  are  custom,  two-sided 
printed-circuit  cards,  each  containing  1 23  chips.  The  cards  plug  into  a standard  wirewrap 
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chassis  from  the  rear  of  the  rack.  Connection  is  made  to  the  backplane  by  three  108-pin 
connectors  on  one  card  edge  for  a total  of  324  pins.  The  opposite  side  of  the  card  has  two 
additional  connectors  which  are  used  for  the  FSM  module  interface  cables.  This  card,  there- 
fore, has  a total  of  540  I/O  pins.  The  chassis  is  secured  to  a slide-mounted  fan  box  which 
cools  the  card  cage  and  provides  access  for  test  and  maintenance.  The  chassis  is  oriented  so 
that  the  backplane  wiring  is  accessible  from  the  front  of  the  rack.  The  interface  cables  plug 
directly  onto  the  cards  from  the  rear  of  the  rack.  The  interconnect  scheme  (shown  in  fig 
A21)  connects  a total  of  1530  wires  to  the  MIU  via  10  cables. 


CIRCUIT  FUNCTIONAL  DESCRIPTION 

The  printed-circuit  memory  interface  card  (MIC)  is  shown  in  figure  A22.  The  func- 
tion of  this  card  is  to  route  data,  address,  and  control' signals  between  a memory  module  and 
a data  source  or  sink.  One  interface  card  is  provided  for  each  memory  module.  The  MIC 
contains  the  following  elements; 

1 . Twisted-pair  line  receivers  and  line  drivers  for  all  I/O  signals 

2.  A 48-bit  input  data  register 

3.  Tristate  data  I/O  multiplexing 

4.  Provision  for  adding  high-speed  data  output 

The  functional  capability  of  the  MIC  is  as  follows: 

1 . Write  a 48-bit  word  to  any  of  the  eight  memory  modules.  The  memory  system 
is  therefore  configured  to  be  5 1 2k  words  by  48  bits  operating  at  speeds  approaching  1 .5M 
words/s  ( 1 2 megapels  per  second). 

2.  DMA  Write.  Write  eight  48-bit  words  (384  bits  total)  to  all  memories  simulta- 
neously. The  memory  system  is  then  configured  to  64k  words  by  384  bits,  which  achieves  a 
pel  input  rate  approaching  96  megapels  per  second. 

3.  DMA  Read.  Expansion  capability  to  achieve  a high-speed  parallel  data  output. 

The  two  memory  interface  control  cards  (MlCCs)  contain  sufficient  hardwired  logic 
to  direct  the  operation  of  the  MICs,  resolve  conflicts  between  memory  users,  maintain  pro- 
per interface  timing,  and  control  the  DMA  write  operation.  Figure  A23  is  a block  diagram 
of  the  Mice  function.  Operation  of  the  MlCC  can  be  divided  into  two  categories.  One  in- 
volves normal  data  interchange  between  the  memory  controller  and  the  individual  memories 
(one  at  a time)  and  the  the  other  is  the  DMA  write  operation  (scanner  data  to  memory). 

When  the  ICAS  is  operating  under  normal  program  control,  48-bit  data  and  instruc- 
tion words  are  transmitted  between  the  MCU  and  one  of  the  memory  modules.  Because  the 
configuration  is  5 12k  words  by  48  bits,  19  address  bits  are  required  to  select  a single  mem- 
ory location.  These  19  address  bits  are  divided  into  two  groups.  The  high-order  16  bits 
select  a word  within  a memory  module,  and  the  low-order  3 bits  select  the  module.  There 
are  two  particular  advantages  to  dividing  the  address  bits  in  this  way  when  read  operations 
are  being  performed.  The  first  advantage  is  called  “graceful  degradation”;  that  is,  the  sys- 
tem can  still  operate,  but  at  reduced  speed,  even  with  the  loss  of  memory  modules.  The  sec- 
ond advantage  is  that  in  some  cases  the  read  access  time  can  be  eliminated. 
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Figure  A21.  Memory  Interface  Unit. 


_l 


A46 


J 


- ASAAtir 
+ A8AAd 

- Aaaa 
+ Aa3B 

- yg 

+ yg 

-dOAO 
+ dOAO 

- 3M 
+ OM 

- 30 
+ 3H 

- ggoid 

+ D3tJtJ 
-D303H 
+D3a3d 
- aoy\i3a 
+ aoifti3d 


ASnB  31ldM/aV3d 

1 

ASna  HS3d33d 

1 

aiaviivAv  viva 

1 

313ndl/MOO  3nOAD 


ONVlftimOD  3XldM 

I 

3iaVN3  aV3d 

lS3nD3dOV3d 

lS3n03d  HS3dd3d 

' 3aOIAI  HS3dd3d 


IQBiBEai 





’8  sa  s 


SDBI^I 


1 

o. 

03 

< 

CO 

u> 

7 

rS| 

<5^5 

I-  2 “ 

lU^ 

I-  D O 

o F 


J2A21  DM 


to  <0  iO  CN  CN  (N 
CO  M CO—  CO  CO  CO 
UJ 

a 


N ^ (O  u>| 

CO  CO  CO  QC  fo  CO  coL 


<fl  <o  <o>  G G £S 

CO  CO  CO  I-  CO  CO  CO 


^ ^ ^ ^ (O  (O  (ol 

SmS 


sna  SDdvo 

AJ.nVNOSd3d  IflIOdd 


CM  -I 

r o 

t >-  oc 
a:  !- 
o og 

CD  2g 

- UJ  U 
^ 5 UJ 

JS  < 
O u. 

OC  X 
U.  UJ 


oc  oc 

^ f I-  > 

sps 


REFRESH 

CONTROL 


MEMORY  INTERFACE 
CONTROL  CARDS 
(MICCs) 

2 CARDS 


Figure  A23.  Memory  interface  control  card  block  diagram. 


In  the  event  of  a memory  module  failure,  one-eighth  of  the  program  and  image  data 
would  be  lost.  If,  however,  the  memory  address  is  shifted  left  1 bit,  the  low-order  address 
bit  would  always  contain  a 0.  The  memory  module-select  field  then  has  only  2 active  bits 
and  may  select  between  any  one  of  the  four  even-numbered  memories.  A second  1-bit  left- 
shift  would  restrict  access  to  memories  0 and  4,  and  a 3-bit  shift  would  select  memory  0 
only.  A hardware  overflow  test  ensures  against  attempts  to  read  or  write  into  memories  not 
being  used.  This  type  of  memory  address  shifting  is  completely  software-transparent,  since 
address  integrity  is  maintained  in  the  low-order  bits.  Of  course,  a system  initialization  and 
bootstrap  operation  must  be  performed  after  the  number  of  memories  is  changed.  The  ap- 
parent effect  to  the  MCU  is  that  the  memory  system  is  reduced  from  512k  to  256k,  128k, 
or  64k  words. 

When  the  MCU  has  requested  a read  cycle  (either  instruction  fetch  or  operand  fetch), 
the  address  (upper  16  bits)  and  READ  command  are  sent  to  all  memory  modules.  Only  the 
data  from  the  appropriate  module  (as  selected  by  the  low-order  3 address  bits)  will  be  en- 
abled to  the  MCU.  However,  all  modules  have  performed  a READ  operation,  each  from  the 
same  location  within  the  module,  and  each  has  stored  the  retrieved  data  into  its  own  output 
data  register.  In  addition,  a register  on  the  MICC  stores  each  memory  read  address.  Logic  in 
the  MICC  compares  the  upper  16  bits  of  the  previous  and  current  addresses  to  determine 
whether  two  successive  memory  read  operations  have  attempted  to  access  the  same  location 
in  two  separate  modules.  If  the  upper  16  bits  of  the  two  addresses  match,  then  the  desired 
data  have  already  been  read  and  there  is  no  need  to  wait  for  the  memory  read  access  delay. 
An  intervening  write  operation  voids  the  address  match  test. 
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Preliminary  estimates  indicate  that  an  increase  of  10-15%  in  system  throughput 
could  be  achieved  by  this  kind  of  interleaving  with  the  present  instruction  set.  With  the  ad- 
dition of  8-10  new  non-memory-reference  instructions,  an  additional  10%  could  probably  be 
realized. 

The  second  operation  the  MlCC  must  perform  is  control  of  the  DMA  write  of  scan- 
ner video  data  to  memory.  After  initialization,  the  MICC  takes  complete  control  of  the 
memories  by  sending  a continuous  signal  to  the  MCU.  The  MlCs  then  receive  prelormatted 
video  information  from  the  personality  chassis  as  well  as  control,  timing,  and  address  infor- 
mation from  the  MICC.  Since  the  processing  capability  of  the  MCU  is  not  available  at  this 
speed,  hardwired  logic  on  the  MICC  must  generate  each  memory  address.  The  manner  by 
which  the  addres.ses  are  calculated  is  determined  by  the  type  of  scanner  and  its  configura- 
tion. Simple  single-channel  inputs  such  as  the  CCD121  need  only  a simple  count  or  incre- 
ment. More  complicated  scanning  systems  employing  multiple  channels  or  multiple  devices 
require  dedicated  address  calculation  which  includes  multiple  adders,  comparators,  and  mul- 
tiplexers. 

To  achieve  the  maximum  video  input  rate,  each  48-bit  input  word  is  stored  in  a regis- 
ter on  the  appropriate  MIC'.  When  all  eight  registers  have  been  loaded,  a write  to  all  eight  mem- 
i»ries  Minultaneously  is  performed  and  the  next  address  is  calculated  and  tested.  With  fewer 
than  eight  memories,  the  same  operation  occurs,  but  the  maximum  rate  is  reduced.  Pre- 
vious discussion  of  multiplex  ratio  has  shown  the  tradeoff  between  word  width  and  opera- 
ting speed.  During  a DMA  write  operation  with  eight  memory  modules,  384  bits  can  be 
stored  during  each  memory  cycle  (tmey)-  If  ^ memory  failure  reduces  the  memory  system 
from  eight  to  four  modules,  then  only  192  bits  can  be  stored  in  one  t^^j-y.  The  effective  vi- 
deo input  rate  is,  therefore,  divided  by  2. 

MONITOR-DISPLAY  UNIT 

The  monitor-display  unit  (fig  A24)  accepts  digital  video  from  the  MCU  for  the  pur- 
pose of  displaying  images  stored  in  the  frame-store  memory.  Six-bit  video  pels  are  sent  to  a 
D/A  converter  located  adjacent  to  the  display.  Raster  sync  is  maintained  by  independent 
horizontal  and  vertical  drive  signals.  The  timing  is  completely  controlled  by  a microcode 
routine  in  the  memory  controller.  Suitable  level  translators  are  packaged  adjacent  to  the 
D/A  converter  to  provide  the  signals  required  by  the  monitor. 

The  Conrac  RQB  monitor  is  unique  in  that  it  does  not  require  EIA  or  composite  vid- 
eo for  synchronization.  The  monitor’s  raster  is  driven  by  internal  phase-lock  loops  which 
will  accept  a wide  range  of  horizontal  and  vertical  frequencies.  Table  A2  presents  the  impor- 
tant characteristics  of  the  RQB  Monitor.  Figure  A25  shows  the  front-panel  controls. 
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Figure  A24.  Video  output  interface. 


TABLE  A2.  CONRAC  RQB  MONITOR  SPECIFICATIONS. 


Video  bandwidth 
Horizontal  frequency 
Vertical  frequency 
Display  size 
input  impedance 
Phosphor 


±1  dB  at  30  MHz;  ±6  dB  at  40  MHz 
1 5 to  40  kHz 
1 5 to  60  fields  per  second 
14  inches  wide  by  1 1 inches  high 
50k  ohms  shunted  by  10  pF 
P4  (white) 
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Figure  A25.  Conrac  RQB  front-panel  controls. 


DIGITAL  IMAGE  ANALYZER 


INTRODUCTION 

Prestorage  processing  is  an  important  adjunct  to  image  acquisition  for  a number  of 
reasons.  By  definition,  prestorage  processing  includes  any  intentional  augmentation  of  image 
data  prior  to  acceptance  of  the  data  into  the  frame  storage  buffer  memory.  This  processing 
includes  prescanner  strategies  to  determine  optimum  color  of  illumination  for  the  main  scan- 
ner, accumulation  of  statistical  data  pertaining  to  the  distribution  of  reflection  densities  of 
the  copy,  image  enhancement  algorithms  which  can  be  executed  in  real  time  without  requir- 
ing buffer  storage,  and  any  of  a number  of  compression  techniques  which  can  reduce  the  final 
required  capacity  of  the  frame-store  memory.  This  section  is  devoted  to  a description  of  a 
digital  image  analyzer  (DIA)  and  of  its  purpose,  which  is  to  identify  and  exploit  those  para- 
meters of  various  image  types  which  may  be  used  to  optimize  the  acquisition,  storage,  and 
compressibility  of  the  image  data. 

A diagram  of  an  advanced  electronic  message  input  terminal  is  shown  in  figure  A26. 
Only  those  portions  pertaining  to  prestorage  processing  are  described  here.  As  shown  in  the 
diagram,  S'A-by-l  1-inch  copy  is  input  to  the  system  at  a rate  of  240  inches  per  second,  or  a 
page  rate  of  20  pages  per  second.  At  the  prescan  station  there  are  three  image  sensors-one 
with  red  illumination,  another  with  green,  and  a third  with  blue.  The  three  colors  of  illumina- 
tion will  be  used  for  possible  contrast  improvement  and  for  future  color  applications. 

Each  of  the  three  outputs  from  these  sensors  is  fed  into  a preamplifier  with  fixed  gain 
and  offset  (level).  The  gain  and  offset  on  all  three  preamplifiers  are  adjusted  so  that  when 
black  velvet,  with  the  lowest  possible  reflectance,  is  placed  in  front  of  the  image  sensors,  the 
resulting  output  from  the  preamplifiers  will  produce  an  output  of  all  O’s  from  the  A/D  con- 
verters; and  when  a white  surface  of  BaS04,  with  the  highest  possible  reflectance,  is  placed  in 
front  of  the  sensors,  the  resulting  outputs  from  the  A/D  converters  will  be  all  I’s.  The  weight- 
ed, or  nonlinear,  A/D  converters  will  convert  data  according  to  Weber’s*  rule  in  order  to  mini- 
mize the  total  number  of  bits  needed  to  represent  each  pel. 

The  DIA  is  a statistics-gathering  machine  used  to  supply  image  data  to  the  mail  mode 
selector  where  various  decisions  are  made  to  properly  set  up  system  controls  for  the  main 
scanner  stations. 

The  mail  mode  selector  is  a decision  unit  for  the  main  scanner  system  control.  It  ac- 
cepts inputs  from  the  image  analyzer  and  uses  them  for  the  following:  gain  and  offset  adjust- 
ments of  the  main  scanner  preamplifiers;  selection  of  enhancement  modes,  which  may  be 
either  digital  or  analog;  selection  of  type  of  data  compression;  selection  of  bit  precision;  and 
selection  of  image  resolution.  For  a complete  description  of  these  functions,  the  reader  is  re- 
ferred to  reference  A2,  page  A-14. 

The  DIA  in  the  advanced  electronic  message  input  terminal  must  analyze  data  at  the 
prescan  station  from  the  three  image  sensors  simultaneously.  (It  must  accumulate  all  types  of 
statistics  simultaneously.)  The  DIA  is  designed  to  accumulate  the  different  types  of  statistics, 
one  at  a time,  for  one  input  channel.  It  is  designed  to  accept  data  at  a channel  rate  of  2 1 meg- 
apels per  second.  Four  or  more  channels  will  be  required  to  produce  the  total  84-megapel- 
per-second  design  goal. 


*Not  Weber’s  fraction,  but  a geometrically  proportional  step  increase  for  successive  grey  levels. 
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Figure  A26.  Advanced  electronic  message  input  terminal. 


GENERAL  DESCRIPTION 


The  NOSC  DIA  is  a 3!/2-by-l  9-inch  rack-inount  unit  which  is  constructed  of  10000- 
series  emitter-coupled  logic  (ECL)  on  Augat  multilayered  wirewrap  logic  planes.  The  DIA  is 
designed  to  generate  several  types  of  image  statistics,  in  a sequential  manner,  which  include 
pel  brightness  statistics  (PBS),  run  length  statistics  (RLS),  and  one-dimensional  first  differ- 
ence statistics  (EDS).  There  are  two  interfaces  to  the  analyzer.  One  is  the  high-speed  image- 
data  input  port  with  all  inputs  ECL-compatible.  At  present  this  interface  will  accommodate 
image  data  from  the  USPS  Large  Drum  Test  Bed  (LDTB)  and  the  NOSC  Video  Transmission 
System  (VTS).  The  second  interface  is  an  implementation  of  the  IEEE  STD  488-1975  Gen- 
eral-Purpose Interface  (GPIB).  This  interface  allows  operation  of  the  DIA  as  a peripheral  de- 
vice, with  control  from  the  Tektronix  4051  Graphic  Display  System.  A simplified  block  dia- 
gram is  shown  in  figure  A27. 
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Figure  A27.  DIA  simplified  block  diagram. 

The  DIA  will  generate  statistics  on  any  6-bit  input  data  format.  Units  currently  inter- 
faced with  the  DIA  use  a 6-bit  binary  format.  The  DIA  is  capable  of  converting  binary  infor- 
mation to  Gray  code  in  order  to  investigate  possible  improvement  in  data  compression.  All 
subsequent  modes  discussed  allow  the  use  of  either  binary  or  Gray  code  data  for  analysis. 

In  the  PBS  mode  the  DIA  accumulates  the  total  number  of  occurrences  of  pels  at 
each  of  the  64  possible  brightness  levels  throughout  an  entire  image.  The  upper  left  portion 
of  figure  A28  shows  this  operation  pictorially.  Image  data  from  the  sensor  are  amplified  and 
converted  to  digital  format  in  the  A/D  converter.  The  output  is  a 6-bit  binary  code,  with  ail 
O’s  representing  a black  pel  and  all  I’s  representing  a white  pel.  This  6-bit  code  is  used  as  an 
address  to  select  one  of  64  memory  locations  in  the  high-speed  ECL  random-access  memory. 
The  contents  are  read  out  and  incremented  by  1 in  a high-speed  adder  and  then  stored  back  in 
the  same  memory  location.  This  operation  is  done  on  a pel-by-pel  basis  throughout  the  entire 
image.  The  contents  of  the  64  memory  locations  are  then  read  out,  either  manually  from  an 
LED  display  or  by  a device  on  the  GPIB  (MCU  or  405 1 ) for  generation  of  a human-oriented 
display  (tabular,  bargraph,  etc). 

In  the  run  length  statistics  (RLS)  mode,  the  analyzer  accumulates  totals  of  either  runs 
of  O’s  or  runs  of  I’s  in  specified  bit  plane  of  an  image.  The  middle  left  portion  of  figure  A28 
describes  this  operation.  Data  output  from  the  A/D  converter  are  fed  through  a bit  plane 
selector  since  only  one  bit  stream  at  a time  may  be  operated  on.  The  output  from  the  bit  plane 
selector  is  fed  into  a counter  which  counts  runs  of  either  O’s  or  1 ’s  depending  on  the  particular 
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mode  selected.  At  tlie  end  of  run,  the  count  contained  in  the  (i-hil  counter  is  used  as  an  ad- 
dress to  select  one  of  the  64  memory  locations  as  m tlic  I’US  mode.  There  is  a ()-hit  limita- 
tion to  the  counter,  however,  wliich  means  that  runs  ol'  length  greater  than  64  will  cause  mul- 
tiple runs  to  he  counted.  This  is  true  in  the  DIA  Tor  any  run-length-encoding  data-compres- 
sion  scheme.  For  example,  fora  run  ot  66,  memory  location  63  and  memory  location  I 
would  each  be  incremented.  Note  that  run  lengths  oT  1 through  64  correspond  to  memory 
locations  numbered  0 through  63.  In  the  DIA  there  are  24  individual  modes  Tor  the  accumu- 
lation oT  run  length  statistics.  There  are  six  bit  planes  each  allowing  runs  oT  O’s  or  runs  oT  1 ’s. 
Each  oT  these  may  be  accumulated  by  use  oT  cither  the  binary  code  input  or  Gray  code  input, 
resulting  in  a total  oT24  modes': 

The  first  diTTerence  statistics  (FDS)  modes  compute  the  absolute  value  oTthe  diTTer- 
ences  between  successive  pels  in  an  image.  The  lower  portion  oT  figure  A28  shows  the  opera- 
tion oT  the  FDS  modes.  Image  data  Trom  the  A/D  converter  are  input  to  both  a 6-bit  storage 
register  and. a subtractor.  The  storage  register  contains  the  previous  pel  value,  which  is  sub- 
tracted Trom  the  present  value  to  obtain  the  diTTerence.  This  diTTerence  is  then  used  as  an  ad- 
dress to  the  64-location  random-access  memory  as  in  the  previous  modes. 

There  are  several  other  modes  oT  operation  Tor  the  image  analyzer.  One  oT  these  is 
the  display  memory  mode.  In  this  mode  Tront-panel  switch  inputs  are  used  to  address  each  oT 
the  64  memory  locations  to  read  out  the  contents  oT  an  8-digit  octal  LED  display.  This  inTor- 
mation  can  also  be  read  out  through  a general-purpose  digital  interlace  (the  GPIB).  Other 
modes  are  designed  primarily  Tor  diagnostics;  they  include  loading  one  or  all  memory  loca- 
tions Trom  a manually  switched  input  bus,  a dear-memory  mode,  and  continuous-count 
modes  to  check  the  operation  oT  the  ALU  and  data  registers. 

A more  detailed  description  oT  the  hardware  operations  oT  these  modes  is  available  in 
reference  A2.  pages  A- 19  to  A-24. 


i 

i 

4 


C IRC  UIT  DESCRIPTION 

Figure  A29  is  a more  detailed  block  diagram  of  the  DIA.  1 here  are  two  data  sources 
input  to  the  data  source  multiplexer,  one  Trom  the  high-speed  scanner  input  port  and  one 
Trom  the  GPIB  interface.  The  selected  binary  data  are  then  Ted  into  the  input  selector  (multi- 
plexer) and  the  binary-to-Ciray  code  converter.  The  input  selector  selects  either  binary  or  Ciray 
code  image  data  for  analysis.  The  mode  selector  selects  one  of  the  three  types  of  statistics  to 
be  accumulated  by  the  analyzer  (FDS,  RLS,  PBS).  The  output  from  the  mode  selector  is 
strobed  into  a 6-bit  pipeline  register  for  data  resynchronization.  From  this  register  alternate 
pels  are  strobed  into  each  of  the  two  6-bit  data  registers  organized  as  a ping-pong  register  with 
outputs  alternately  selected  by  the  address  selector  for  reading  and  writing  data  into  the 
RAM.  After  statistics  have  been  gathered,  the  address  selector  selects  the  interrogate  address 
input  Tor  reading  data  out  of  the  RAM.  There  are  two  sources  Tor  the  interrogation  addre.ss, 
one  from  a manual  entry  from  the  front  panel  and  the  other  from  the  interface.  The  last  in- 
put to  the  address  selector  is  from  a control  counter  which  is  used  for  clearing  the  memory 
and  also  for  diagnostic  purposes.  The  64-word  by  24-bit  RAM  is  used  for  accumulation  of 
statistics.  The  data  multiplexer  selects  data  from  one  of  three  sources  for  input  to  the  READ 
DATA  register.  They  are  the  RAM  output  data,  the  WRITE  DATA  register  output,  and  an 
external  24-bit  input  bus,  which  currently  is  controlled  by  a series  of  switches.  Data  stored 
in  the  READ  DATA  register  are  input  to  the  arithmetic  logic  unit  (ALU),  the  LED  display, 
and  the  GPIB  interface.  The  ALU  is  capable  of  performing  32  arithmetic  and  logic  functions 
on  pairs  of  24-bit  words.  The  WRITE  DATA  register  stores  the  output  infomiation  from  the 
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ALU  for  writing  into  memory.  The  LED  display  provides  manual  readout  of  the  contents 
of  the  RAM.  The  GPIB  interface  allows  the  MCU  or  the  405 1 to  read  the  contents  of  the 
RAM  and  display  them  in  graphic  or  tabular  form.  The  interface  also  allows  the  MCU  to 
transfer  image  data  from  either  the  FSM  or  magnetic  tape  to  the  DIA. 

The  high-speed  data  interface  is  comprised  of  10  ECL-compatible  differential  signals 
transmitted  over  twisted-pair  lines.  There  are  six  data  inputs,  a clock,  an  enable,  and  a dear- 
memory  signal  with  an  echo  output  response  after  the  memory  is  cleared.  The  maximum 
clock  rate  to  the  DIA  is  approximately  21  MHz.  Currently  the  DIA  is  interfaced  via  this  data 
input  port  to  the  USPS  LDTB  and  to  the  VTS. 

Incorporated  in  the  DIA  is  a circuit  which  may  be  used  to  test  its  operation.  A block 
diagram  of  the  circuitry  is  shown  in  figure  A30.  It  is  driven  by  a voltage-controlled  oscillator, 
with  adjustable  frequency,  whose  range  is  approximately  10  to  25  MHz.  Also  included  is  a 
programmable  eight-position  switch  which  may  be  used  to  select  a desired  binary  count  se- 
quence for  data  generation.  The  variable  clock  rate  allows  testing  of  the  analyzer  at  speeds 
up  to  25  MHz. 
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Figure  A30.  DIA  built-in  test  equipment. 


FRONT-PANEL  CONTROLS 


Figure  A31  is  a diagram  of  the  DIA  front-panel  controls.  On  the  left  is  a two-digit 
octal  lever  switch  used  for  selection  of  any  one  of  up  to  64  operating  modes.  See  table  A3 
for  the  modes  implemented.  The  next  two-digit  octal  lever  switch  selects  any  one  of  the  64 
memory  locations  for  manual  readout  of  memory  and  for  various  diagnostic  modes.  The 
EXECUTE  pushbutton  is  used  to  initiate  the  various  diagnostic  modes.  The  MASTER  RE- 
SET pushbutton  is  used  to  clear  various  portions  of  the  circuitry  and  to  place  the  DIA  under 
front-panel  control.  On  the  right  is  an  eight-digit  octal  LED  display  used  to  read  data  from 
the  memory.  There  is  an  additional  mode  which  is  designed  to  check  the  repeatability  or  the 
stability  of  an  image  sensor.  Assuming  that  the  pel  brightness  statistics  were  just  accumula- 
ted, this  new  subtract  mode  may  be  run  in  a manner  such  that  a memory  location  is  decre- 
mented rather  than  incremented  as  in  the  previous  mode.  If  the  two  images  were  identical, 
all  memory  locations  should  be  decremented  to  exactly  zero.  In  this  way  the  differences  in 
an  image,  from  one  scan  to  the  next,  will  be  shown  by  the  resulting  information  left  in  the 
memory. 
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TABLE  A3.  DIA  ANALYSIS  MODES. 


00 

PBS  Binary 

01 

RLS  Binary  0-Runs  BP-1  (LSB) 

02 

RLS  Binary  0-Runs  BP-2 

03 

RLS  Binary  0-Runs  BP-3 

04 

RLS  Binary  0-Runs  BP-4 

05 

RLS  Binary  0-Runs  BP-5 

06 

RLS  Binary  0-Runs  BP-6  (MSB) 

07 

FDS  Binary 

10 

PBS  Binary  Subtract  mode 

11 

RLS  Binary  1 -Runs  BP- 1 

12 

RLS  Binary  1 -Runs  BP-2 

13 

RLS  Binary  1 -Runs  BP-3 

14 

RLS  Binary  1 -Runs  BP4 

15 

RLS  Binary  1 -Runs  BP-5 

16 

RLS  Binary  1 -Runs  BP-6 

17 

Not  used 

20 

PBS  Gray 

21 

RLS  Gray  0-Runs  BP-1 

22 

RLS  Gray  0-Runs  BP-2 

23 

RLS  Gray  0-Runs  BP-3 

24 

RLS  Gray  0-Runs  BP4 

25 

RLS  Gray  0-Runs  BP-5 

26 

RLS  Gray  0-Runs  BP-6 

27 

FDS  Gray 

30 

PBS  Gray  Subtract  mode 

31 

RLS  Gray  1 -Runs  BP- 1 

32 

RLS  Gray  1 -Runs  BP-2 

33 

RLS  Gray  1 -Runs  BP-3 

34 

RLS  Gray  1 -Runs  BP-4 

35 

RLS  Gray  1 -Runs  BP-5 

36 

RLS  Gray  1-Runs  BP-6 

37 

Not  used 

40 

Display  contents  of  selected  register 

41 

Clear  Memory 

42 

Store  contents  of  “A”  bus  in  selected  register 

43 

Store  contents  of  “A”  bus  in  all  registers 

44 

Continuous  increment  into  selected  register 

45 

Continuous  decrement  into  selected  register 

46 

, 

Not  used 

77 


I 

i 

I 

I 


Notes:  PBS 
RLS 
FDS 


Pel  Brightness  Statistics 
Run  Length  Statistics 
First  Difference  Statistics 
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Figure  A3 1 . DIA  front-panel  controls. 


GPIB  INTERFACE  DESCRIPTION 

The  GPIB  interface  allows  the  DIA  to  be  used  as  a peripheral  device  under  control  of 
the  Tektronix  405 1 Graphic  System,  which  is  the  GPIB  controller.  Under  GPIB  control, 
image  data  may  be  transferred  to  the  DIA  from  the  MCU  for  analysis  and  the  results  trans- 
ferred back  to  the  MCU  for  further  processing  and/or  storage.  The  analysis  data  may  also  be 
transferred  to  the  4051  terminal  for  display. 

Shown  in  figure  A32  is  a functional  block  diagram  of  the  GPIB  interface  which  is  di- 
rectly compatible  with  IEEE  STD  488-1975.  When  the  DIA  is  assigned  as  a listener  on  the 
GPIB,  either  mode  control  information  or  image  data  may  be  transmitted  to  the  DIA  from 
another  device  on  the  bus  and  stored  in  the  mode  control  register  or  the  image  data  register, 
respectively.  When  assigned  as  a talker  on  the  GPIB,  the  DIA  transmits  the  contents  of  the 
64-word  by  24-bit  memory  to  the  listening  device(s)  on  the  bus  as  a series  of  192  eight-bit 
bytes  (3  eight-bit  bytes  per  24-bit  word). 

One  of  the  five  interface  control  signals,  REMOTE  ENABLE  (REN),  is  used  to  place 
the  DIA  under  GPIB  control.  The  DIA  is  returned  to  front-panel  (local)  control  by  pressing 
the  RESET  button  on  the  front  panel. 


GRAPHICS  TERMINAL 


One  of  the  major  tasks  assigned  to  the  ICAS  is  to  produce  data  on  which  design  de-  - 

cisions  may  be  based.  Manual  transcription  of  the  volume  of  data  being  produced  would  be 
a virtually  impossible  task.  Therefore,  some  form  of  human-readable  display  is  necessary. 

In  addition,  the  number  of  discrete  operations  to  be  performed  by  the  system  would  be 

staggering  were  there  no  simplified  man-machine  interface.  The  obvious  solution  to  both 

these  problems  with  a single  piece  of  equipment  is  an  alphanumeric  data  terminal.  The  type 

of  data  produced  lends  itself  to  graphical  interpretation  in  the  form  of  histograms  (bar-  -1 

graphs)  and  curves,  which  is  not  easily  accomplished  on  a simple  alphanumeric  terminal.  For  I 

this  reason,  the  Tektronix  405 1 Graphic  System  has  been  incorporated  into  the  ICAS.  | 

The  405 1 is  a highly  “intelligent”  tenninal  allowing  complete  control  of  the  ICAS  as 
well  as  off-line  data  examination  in  both  tabular  and  graphic  formats.  The  405 1 may  per- 
form calculations  on  data  which  may  be  saved  on  an  internal  magnetic  tape  unit  or  received 
and  transmitted  on  the  IEEE  GPIB.  Commands  to  the  ICAS  may  also  be  issued  on  the 
GPIB. 

The  405 1 operates  either  interactively  or  under  program  control,  using  an  enhanced 
BASIC,  implemented  in  405 1 firmware,  which  allows  simplified  invocation  of  the  graphics 
features. 
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24  BIT  DATA  OUTPUT  BUS 


A-60 


Figure  A32.  DIA  general-purpose  interface  bus. 


The  primary  features  of  the  405 1 are  as  follows: 

1.  An  LSI  microprocessor  computing  module  and  an  8k-byte  standard  (expand- 
able to  32k)  workspace.  All  operations  are  invoked  in  high-level  BASIC  which  includes  built- 
in  graphics  and  error  detection. 

2.  Internal  peripherals  include:  a full  ASCII  (128  character)  keyboard  with  addi- 
tional user-definable  function  keys  and  program  editing  keys;  and  a 300k-byte-capacity  cart- 
ridge tape  unit. 

3.  The  CRT  display  (8  inches  wide  by  6 inches  high)  allows  alphanumeric  format, 
35  lines  of  72  characters  each,  and/or  graphic  display  with  a resolution  of  780  (vertical)  by 
1024  (horizontal)  points. 

4.  Completely  asynchronous  communication  of  ASCII  or  machine-dependent-bin- 
ary code  by  use  of  the  GPIB  with  three-wire  handshake.  The  405 1 was  designed  as  a GPIB 
controller  and  is  capable  of  controlling  all  bus  functions. 

5.  Interrupt  service  capability. 

6.  Physical  characteristics  are:  34.5  cm  high,  46.5  cm  wide,  and  82.6  cm  long; 
and  29.5  kg  (weight). 


PRINTER/PLOTTER 

In  addition  to  viewing  data  interactively,  ie,  as  produced,  it  is  highly  advantageous  to 
have  the  capability  to  refer  back  to  data  at  some  later  point  in  time.  For  this  capability,  some 
form  of  hard  copy  is  needed.  Manual  transcription  can  be  ignored  because  of  the  large  vol- 
ume of  data  produced.  Therefore,  an  electronically  controllable  hard-copy  device  is  necessary. 

There  are  two  basic  types  of  hard-copy  devices  available  - impact  and  nonimpact. 
Impact  hard-copy  units  (printers)  are  fully  mechanical.  In  addition,  printers  are  restricted 
to  character  printing  and  allow  only  encoded  character  data  as  input.  Nonimpact  printers 
use  a variety  of  techniques  including  inkjet,  laser,  and  electrostatic. 

There  are  several  advantages  of  nonimpact  over  impact  printers.  These  include  de- 
creased noise,  wear,  and  misalignment,  and,  in  the  moderate  price  range,  higher  resolution. 

In  addition,  nonimpact  devices  are  capable  of  accepting  point  input  rather  than  being  restric- 
ted to  character  input.  This  feature  is  of  particular  advantage  when  a graphic  hard  copy  is 
required. 

The  electrostatic  process  was  chosen  as  the  ICAS  hard-copy  method  because  of  its 
relatively  low  cost.  The  Versatec  1 200A,  specifically,  was  chosen  for  three  reasons:  (1)  it 
offers  a plot  resolution  of  200  by  200  points  per  inch;  (2)  it  can  either  print,  plot,  or  print 
and  plot  simultaneously;  (3)  it  is  plug-compatible  with  the  Tektronix  4051  Graphic  System. 
The  200-by-200  resolution  allows  the  ICAS  to  print  thresholded  (1  bit)  USPS  images  at  the 
required  resolution.  The  print  and  plot  capability  allows  the  memory  control  unit  to  output 
to  the  1 200A  textual  information,  data  from  analysis  or  other  calculations,  thresholded 
images,  or  all  three  simultaneously,  if  desired.  The  plug-compatibility  with  the  4051  allowed 
the  1 200 A to  be  immediately  incorporated  into  the  ICAS  for  data  plotting  (from  the  CRT) 
before  the  MCU  interface  for  the  1 200A  was  completed. 
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The  1200A,  which  includes  a character  generator,  features  a 16-by-16  dot-matrix 
roman  type  tont.  Paper  is  available  in  both  roll  and  fanfold  types,  allowing  for  greater  com- 
patibility with  USPS  printing  requirements.  Paper  drive  is  incremental,  simplifying  MCU 
interlace  requirements.  The  parallel  data  rate  is  1 million  characters  or  8 million  plot  (image) 
points  per  second.  Physically,  the  1200A  is  19  inches  wide,  18  inches  deep,  and  38  inches 
high. 


MAGNETIC  TAPE  SUBSYSTEM 


The  video  frame-storage  memory  in  the  ICAS  is  volatile,  which  means  that  all  data 
and  image  information  is  lost  when  power  is  rernoved.  In  order  to  maintain  permanent  rec- 
ords, save  results  for  later  use,  save  programs,  etc,  it  is  necessary  to  resort  to  relatively  slow 
but  nonvolatile  magnetic  storage.  This  requirement  is  satisfied  with  a commercial  nine-track 
magnetic  tape  system  consisting  ot  a Format  Control  Unit  (FCU)  and  two  synchronous, 
2400-foot-reel  tape  drives  (the  FCU  can  control  up  to  four  tape  drives). 

The  tape  subsystem  performs  two  important  functions  within  the  ICAS.  First,  cap- 
tured images,  processed  images,  tables,  and  other  image-related  data  are  maintained  in  a tape 
library  as  a permanent  record  of  experimental  results.  Second,  all  system  programs  are  stored 
on  tape  and  can  be  loaded  into  program  memory  with  a ROM  bootstrap. 

As  discussed  in  previous  sections,  the  magnitude  of  the  image  to  be  captured  and 
stored  is  nearly  23  million  bits,  or  about  3 million  bytes.  Magnetic  tape  is  the  only  non- 
volatile storage  medium  combining  high-reliability,  proved  technology  with  large  storage 
capacity,  and  reasonable  cost-speed  tradeoff.  However,  even  using  the  highest  possible  stor- 
age density  in  moderate-cost  tape  equipment,  only  about  nine  images  can  be  recorded  on  a 
single  2400-foot  tape.  Specific  parameters  of  the  tape  equipment  are  as  follows; 

Speed  45  ips 

Format  “IBM  compatible” 

Density  Dual  800/ 1 600  cpi 

Width  1 /2-inch  tape 

Tracks  9 (8  data,  1 parity) 

Error  checking  VRCC,  LRCC,  CRCC 

An  additional  justification  for  choosing  magnetic  tape  for  image  storage  is  that  it  is  virtually 
the  universal  medium  for  the  transmittal  of  processed  images.  The  most  common  format 
for  image  records  is  as  follows; 


1 image 
1 video  line 

1 video  pel 
Record  density 


= one  file  (separated  from  other  files  by  a “filemark”) 

= one  record  (separated  from  other  records  by  an  “interrecord 
gap”) 

= one  character  (1  byte  = 8 bits) 

= 800  cpi 


1 
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Although  this  format  is  conceptually  simple,  it  does  not  achieve  the  most  efficient 
use  of  tape.  Two  formats  have  been  implemented  in  the  ICAS.  The  quasi  “industry  stand- 
ard” image  tape  format  described  above  has  been  used  at  NOSC  in  order  to  maintain  com- 
patibility with  other  agencies  in  image  acquisition  and  processing.  This  format  is  only  effi- 
cient, however,  when  the  video  information  is  digitized  to  8 bits  or  256  grey  levels.  Since 
the  ICAS  is  only  required  to  convert  video  to  a 6-bit  sample,  2 bits  out  of  each  tape  charac- 
ter are  not  used.  Therefore,  one-fourth  of  the  tape  storage  capacity  is  wasted.  For  in-house  j 

use,  therefore,  one  and  one-third  pels  are  packed  into  each  tape  character,  achieving  higher  i 

storage  efficiency  and  higher  data  transfer  rates.  Also,  the  data  are  stored  at  1600  cpi,  which  I 

represents  an  additional  2-to-l  increase  in  storage  efficiency  and  speed  parameters.  ! 

The  amount  of  tape  required  to  store  a video  line  in  the  best  format  described  above  j 

can  be  calculated  from  j 

tape  length/line  = 

which  shows  that  0.8  inch  of  tape  is  used  for  each  video  line.  Since  the  interrecord  gap  is 
nominally  0.6  inch,  the  total  tape  length  used  for  a USPS  image  is 

(2200  lines)  (1.41  in/line)  = 3102  in/image  = 258.5  ft/image. 

An  additional  improvement  of  nearly  20%  in  density  and  speed  could  be  achieved  by  packing 
two  video  lines  into  one  tape  record. 

(1 100)  (06 .81  + .81)  = (1100)  (2.22)  = 2422  in/image 

= 203.5  ft/image. 


IEEE  STD  488  COMMUNICATIONS  INTERFACE  (GPIB) 


INTRODUCTION 

The  GPIB  is  a standard  interface  originally  designed  (and  patented  by  Hewlett-Pack- 
ard) to  interface  programmable  instrumentation  systems  with  a digital  computer  in  such  a 
way  as  to  satisfy  the  most  frequent  needs  of  such  systems.  The  following  are  the  basic  cri- 
teria of  the  standard:  to  support  data  rates  up  to  1 megabyte  per  second;  to  support  distances 
up  to  20  metres;  to  support  up  to  15  devices  running  simultaneously;  and  to  optimize  com- 
munication methods  for  devices  with  typical  message  lengths  of  10-20  characters.  General 
attributes  of  the  GPIB  are;  asynchronous  communication  using  a three-wire  handshake; 
direct  communication  between  devices  without  requiring  all  messages  to  be  routed  through 
a control  unit;  design  elegance;  and  device-independence  of  the  major  interface  sections. 

There  are  four  elements  to  an  interface  system:  mechanical  (connectors  and  cables); 
electrical  (voltage  and  current  values);  functional  (signals,  protocol,  timing,  interface  func- 
tions); operational  (device-independent  responses  to  interface  signals).  The  GPIB  makes  all 
but  the  operational  elements  device-independent,  thereby  allowing  any  device  to  use  the  bus 
by  implementing  only  those  functions  required  by  the  device.  Because  some  devices  perform 
output  only  (“talkers”)  and  some  perform  input  only  (“listeners”),  the  individual  inter- 
faces may  delete  “listener”  and  “talker”  functions,  respectively. 
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FUNCTIONAL  SPLClFlCATiONS 


There  are  1 0 interface  functions, 
each  with  one  or  more  allowable  subsets. 
The  only  requirement  for  an  individual  in- 
terface is  that  it  be  able  to  handshake  on 
data  and  recognize  its  own  address.  The 
standard  bus  consists  of  1 6 signal  lines  or- 
ganized as  three  sub-buses:  an  8-bit  data 
bus,  a 3-bit  transfer  or  handshake  bus,  and 
a 5-bit  management  bus.  The  minimum 
configuration  includes  the  data  bus,  the 
transfer  bus,  and  the  ATN  signal,  which  is 
the  bus  controller’s  management  line. 

Figure  A33  shows  the  general  case  of  the 
GPIB  structure  and  capabilities.  The  fol- 
lowing is  a brief  statement  (including  IEEE 
document  section)  of  each  of  the  interface 
functions  implemented  and  of  the  MCU 
and  4051  conformance  to  the  standard. 

1.  The  SH  (Source  Handshake, 
section  2.3)  function  allows  a device  to 
initiate  and  terminate  data  transfers  on 
the  data  bus.  Both  the  4051  and  the  MCU 
are  capable  of  transmitting  asynchronous 
messages  on  the  bus. 

2.  The  AH  (Acceptor  Handshake, 
section  2.4)  function  allows  a device  to  re- 
ceive asynchronous  messages  on  the  bus. 
Asynchronous  communication  is  guaranteed 
by  an  interlocked  handshake  between  one 
SH  function  and  one  or  more  AH  functions. 
Both  the  405 1 and  the  MCU  can  receive 
asynchronous  messages  on  the  bus. 


Figure  A33.  GPIB  interface  capabilities 
and  bus  structure. 


3.  The  T (Talker,  section  2.5)  function  (and  its  extension  TE)  allows  a device  to 
send  device-dependent  data  to  other  devices  when  the  function  is  addressed  to  talk.  The  T 
function  is  addressed  with  a single  byte,  TE  with  2 bytes.  The  4051  honors  secondary  ad- 
dresses (or  commands)  but  prohibits  other  devices  from  polling  the  status  of  the  4051  since 
it  is  the  system  controller.  The  MCU  T function  is  identical  except  that  its  interface  status 
may  be  polled  by  other  devices  on  the  bus. 

4.  The  L (Listener,  section  2.6)  function  allows  a device  to  receive  device-dependent 
data  when  the  function  is  addressed  to  listen.  The  LE  function  allows  2-byte  addressing.  The 
4051  honors  secondary  addresses  and  allows  the  4051  to  remove  itself  from  the  bus  as  a 
listener.  The  MCU  can  be  both  a talker  and  a listener. 
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5.  The  SR  (Service  Request,  section  2.7)  function  allows  a device  to  asynchro- 
nously request  service  from  the  controller  in  charge  of  the  interface.  Because  the  4051  is  the 
interface  controller,  it  has  no  need  to  issue  service  requests  but  is  capable  of  honoring  them. 
The  MCU  has  service  request  capability. 


BUS  OPERATION 


The  GPIB  is  composed  of  three  buses  - the  data  bus,  the  management  bus,  and  the 
transfer  bus: 

1 . Data  Bus.  The  data  bus  is  an  8-bit  ( 1 byte)  bus  on  which  are  transferred  pe- 
ripheral addresses  (primary  and  secondary),  control  words,  and  data  bytes.  Data  bytes 
may  be  either  ASCII  or  machine-dependent  binary  code. 

2.  Manageineiit  Bus.  Tlie  management  bus  consists  of  five  signal  lines  which  con- 
trol data  transfers  over  the  data  bus.  The  management  bus  signals  are  as  follows: 

a.  Attention  (ATN)  is  activated  by  the  controller  when  peripheral  devices 
are  being  assigned  as  talkers  and  listeners.  Only  peripheral  addresses  and 
control  messages  can  be  transferred  over  the  data  bus  when  ATN  is  active. 
After  ATN  becomes  inactive,  only  those  devices  designated  as  talkers  or 
listeners  may  take  part  in  the  data  transfer.  The  use  of  ATN  is  strictly 
controlled  by  user  programs  in  the  4051 . 

b.  Service  Request  (SRQ)  may  be  set  by  any  device  on  the  GPIB  which  de- 
sires the  attention  of  the  controller,  which  in  turn  sets  ATN  and  e.Kccutes 
a serial  poll  to  determine  which  device  is  requesting  service. 

c.  Interface  Clear  (IFC)  is  activated  by  the  controller  in  order  to  place  all 
interface  circuitry  in  a known  quiescent  state. 

d.  Remote  Enable  (REN)  is  activated  whenever  the  system  is  operating  under 
program  control  and  causes  all  devices  to  ignore  their  own  front-panel 
controls. 

e.  End  Or  Identify  (EOI)  is  used  by  the  talker  to  indicate  the  end  of  a data 
transfer  sequence  and  is  activated  as  the  last  byte  of  a message  is  trans- 
mitted. When  the  controller  is  listening,  it  assumes  that  a data  byte  re- 
ceived is  the  last  byte  in  the  transmission  if  EOI  is  activated.  When  the 
controller  is  talking,  it  always  activates  EOI  as  the  last  byte  is  transferred. 

3.  Transfer  Bus.  A handshake  sequence  is  executed  by  the  talker  and  listeners 
over  the  transfer  bus  each  time  a byte  is  transferred  over  the  data  bus.  The  transfer  bus  sig- 
nals are: 

a.  Not  Ready  For  Data  (NRFD),  which  indicates  that  one  or  more  listeners 
are  not  ready  to  receive  the  next  data  byte. 

b.  Data  Valid  (DAV),  which  is  activated  by  the  talker  shortly  after  placing  a 
valid  data  byte  on  the  data  bus.  DAV  cannot  be  activated  when  NRFD  is 
active. 
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c.  Data  Not  Accepted  (NDAC),  which  is  active  until  each  listener  has  cap- 
tured the  data  byte  currently  being  transmitted. 

Software  control  of  the  GPIB  is  provided  for  in  the  4051  extended  BASIC  language 
and  is  implemented  in  4051  firmware.  The  primary  BASIC  I/O  commands  are  PRINT  and 
INPUT.  In  standard  BASIC  these  commands  imply  certain  devices.  By  default,  in  the  405 1 , 
they  refer  to  the  display  and  keyboard,  respectively.  By  adding  addresses  to  the  statement, 
any  device  on  the  bus  may  be  accessed  with  the  same  commands. 

The  control  lines  such  as  ATN,  DAV,  NRFD,  and  NDAC  are  handled  automatically 
by  the  PRINT  and  INPUT  keywords.  The  bus  commands  UNTalk  and  UNListen  are  issued 
automatically  at  the  end  of  these  I/O  operations,  in  order  to  shut  down  the  bus. 

Each  device  on  the  GPIB  is  given  a device  number  called  a primary  address.  Specifying 
a primary  address  in  a BASIC  statement  selects  a device  for  an  I/O  operation.  For  example, 
for  the  print  (output)  operation,  PRINT  33:  specifies  the  internal  magnetic  tape  unit  and 
PRINT  @16:  specifies  peripheral  device  number  16  as  the  output  device. 

Associated  with  each  primary  address  may  be  one  or  more  secondary  addresses  which 
impart  information  to  the  selected  device  concerning  the  data  format  or  a subdevice  address. 
For  example,  the  default  secondary  address  for  the  PRINT  statement  is  1 2,  specifying  an 
ASCII  data  string  transfer. 

Binary  commands  such  as  WBYTE  and  RBYTE  allow  the  output  or  input,  respec- 
tively, of  any  8-bit  binary  pattern.  This  allows  the  selective  addressing  of  multiple  listeners 
on  the  GPIB  and  complete  control  of  the  GPIB  control  lines. 

The  4051  is  capable  of  honoring  interrupts  by  any  device  pulling  the  SRQ  line  to 
active  low,  whenever  interrupt  is  enabled.  Interrupts  may  occur  either  during  program  exe- 
cution or  while  the  4051  remains  idle.  When  the  SRQ  is  activated,  the  interrupting  device 
is  located  by  the  execution  of  a software  serial  POLL  of  all  devices  capable  of  generating  an 
SRQ.  When  the  device  is  located,  program  control  is  transferred  to  the  service  routine  for 
the  interrupting  device. 

The  POLL  statement  syntax  is: 

POLL  A,B:  DVl  ;DV2;  ...;DVn 

A and  B are  simple  numeric  variables.  A is  the  device  identifier  and  B is  the  device  status. 
DVl  through  DVn  are  device  numbers  to  be  polled.  After  DVi  is  identified  as  the  interrup- 
ting device,  the  value  i is  assigned  to  variable  A and  an  8-bit  status  byte  presented  by  the 
device  specified  by  CVi  is  assigned  to  variable  B.  These  variables  allow  easier  execution  of 
the  desired  interrupt  service  routine. 


HARDWARE  IMPLEMENTATION 

The  GPIB  is  implemented  in  MCU  hardware  essentially  as  a group  of  state  counters, 
with  transitions  between  states  clearly  defined  by  the  488  standard.  Figures  A34  through 
A38  show  the  s.ate  diagrams  of  the  subset  of  the  standard  implemented  in  the  MCU.  Refer- 
ring to  figures  A35  and  A37,  the  following  is  an  example  of  a typical  single-byte  transfer 
from  the  4051  to  the  MCU  from  the  viewpoint  of  the  MCU  interface.  The  4051  BASIC  com- 
mand WBYTE®  33,108:-65  transmits  the  ASCII  representation  of  the  letter  A or  the  number 
65  (the  data  are  identical;  the  interpretation  is  the  responsibility  of  the  MCU)  to  the  MCU. 
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FC  • SCG  • TPAS  • ACDS 


ATN  ■ SPMS 


and  are  maximum  time  intervals  for  occurrence  of  these  signals  as  defined  by  IEEE  std  488-1965. 


MTA ■ ACDS 


PCG • MTA  ACDS 


IFC  SPE  ACDS 
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Figure  A36.  GPIB  Talker  Extended  state  diagram. 
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Figure  A37.  GPIB  Listener  Extended  state  diagram 
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Figure  A38.  GPIB  Service  Request  state  diagram 


Assume  a power-on  (pon)  has  just  occurred,  whicli  places  the  AH  f unction  in  state 
AIDS  (Acceptor  Idle  State)  and  tlie  LI:  function  in  states  LIDS  (Listener  Idle  State)  and 
LPIS  (Listener  Primary  Idle  State).  The  4051  encounters  the  command  WBYTLf^  33,108: 
-65  which  causes  ATN  to  become  active. 

With  ATN  active.  All  transitions  from  AIDS  to  ACRS  (ACceptor  Ready  State).  The 
4051  then  places  the  Primary  Listen  Address  (33)  on  the  data  bus  and  sets  Data  Valid  (DAV), 
which  causes  a transition  from  ACRS  to  ACDS.  Since  this  is  the  MCU's  My  Listen  Address 
(MLA),  the  Lt  function  transitions  to  LPAS.  After  a delay,  AH  transitions  to  AWNS 
(Acceptor  Wait  for  New  Cycle  State),  then  back  to  ACRS  after  the  4051  sets  DAV  false. 

Next,  the  4051  places  the  secondary  address  (108)  on  the  data  bus  and  sets  DAV  true 
again.  Because  LE  is  in  state  LPAS  and  AH  is  now  in  state  ACDS,  the  Secondary  Command 
Group  (SCG)  code  108  causes  LE  transition  to  Listener  ADdressed  State,  and,  as  before,  AH 
returns  to  AWNS  then  ACRS.  The  4051  encounters  the  colon  (:)  and  sets  ATN  false  upon 
which  LE  transitions  to  Listener  ACtive  State  (LACS). 

The  4051  now  places  the  value  65  on  the  data  bus,  and  sets  DAV  true.  The  MCU 
may  now  input  the  data  value  after  testing  for  states  ACDS  and  LACS. 

The  .AH  function  is  now  in  state  ACRS  and  LE  is  in  LACS  and  LPAS.  The  4051 
must  issue  a WBVTE(<'63:  to  place  these  functions  back  in  an  idle  state.  ATN  is  set  true, 
which  places  LE  in  LADS.  The  value  63  (UN Listen)  is  placed  on  the  data  bus  and  DAV  is 
set  true,  placing  AH  in  ACDS,  which  in  turn  sets  LE  back  to  LIDS  and  LPIS.  ATN  is  then 
set  false,  which  in  turn  sets  AH  to  state  AIDS. 

For  a more  detailed  description  as  well  as  further  examples  of  GPIB  operation,  the 
reader  is  directed  to  references  A3  and  A4. 


MEMORY  CONTROL  UNIT 

The  memory  control  and  support  hardware  constructed  at  NOSC  performs  two 
principal  functions:  display  of  a stored  image  on  a cathode  ray  tube  (raster-type  display) 
and  processing  or  analysis  of  the  digital  video  image  data  as  appropriate.  The  Memory  Con- 
trol Unit  (MCU)  has  been  constructed  from  off-the-shelf,  state-of-the-art,  TTL  digital  hard- 
ware and  based  on  the  Intel  3000  series  LSI  computing  devices. 

The  hardware  is  composed  of  six  major  functional  blocks  as  shown  in  figure  A39. 

The  video  output  logic  contains  the  output  multiplexer,  which  serializes  the  eight  6-bit 
video  samples  in  a 48-bit  word  into  a digital  video  sequence  for  display.  The  system  contains 
a manual  control  panel  which  can  display  the  contents  of  any  memory  location  or  store  a 
48-bit  word  into  any  memory  location.  In  addition,  any  of  10  internal  scratch  pad  registers 
may  be  displayed  or  modified  from  the  control  panel.  Other  manual  mode  and  control 
functions  are  also  provided.  A set  of  peripheral  input/output  ports  permits  communications 
between  the  memory,  the  control  system,  the  DIA,  a magnetic  tape  subsystem,  a graphics 
display  terminal,  and  any  other  appropriate  peripheral  device  not  now  included. 


'^■^Institute  ofElectrical  and  Electronics  Engineers,  IEEE  Standard  Digital  Interface  foi  Piogiaiiimable 
Instiumenlation.  IEEE  STD 488-1975,  ANSI  MCI. 1-1975,  April  4,  1975 
'^^Laioff,  Gary  P,  Tektionix  GPIB  Applications  Support,  Tektronix,  Inc,  Boston,  1976 
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The  upper  left  hand  block  in  figure  A39  (the  processing  array)  is  composed  of  24 
Intel  3002  central  processing  elements  (CPEs),  commonly  referred  to  as  bipolar  bit  slices. 
These  devices  are  used  to  generate  and  maintain  memory  addresses  for  capture  and  display 
as  well  as  to  process  data  for  transferral  to  peripheral  devices.  They  therefore  provide  the 
ability  to  process  video  data  within  the  memory.  Overall  system  control  is  maintained  by 
the  microprogram  control  unit  (one  Intel  3001)  and  its  associated  micromemories.  All 
control  functions  performed  in  the  system  are  derived  from  this  control  logic.  Extensive 
versatility  is  provided  in  the  microprogram  control  structure  to  enable  both  macrolevel  and 
microlevel  (software  or  firmware)  control  of  the  entire  system.  A detailed  description  of 
the  operation  of  each  subunit  within  the  MCU  follows. 


VIDEO  OUTPUT  LOGIC 

In  order  to  display  a captured  image,  the  FSM  and  the  MCU  are  used  as  a refresh 
memory  and  sync  generator,  respectively,  for  a raster-scan  display  monitor.  Each  48-bit 
memory  word  represents  eight  pels  of  a video  line.  Address  generation  for  memory  read 
operations  is  performed  by  the  CPE  array.  Since  the  captured  image  is  stored  on  a sequen- 
tial line-by-line  basis,  and  the  CRT  display  monitor  generates  an  interlaced  raster,  some 
address  calculations  must  be  performed  at  the  conclusion  of  each  video  line  to  achieve 
interlace.  In  addition  to  video  refresh  generation  for  the  CRT,  the  control  section  of  the 
system  generates  independent  horizontal  and  vertical  sync  pulses  for  the  monitor,  timed  to 
achieve  a 2 to-1  interlace.  Standard  line  sync  rates  are  not  required,  since  the  Conrac  RQB 
monitor  will  phase-lock  and  maintain  synchronization  over  a wide  range  of  input  horizontal 
and  vertical  frequencies.  The  system  has  the  ability  to  modify  these  rates  in  real  time  during 
vertical  retrace  to  alter  display  parameters.  Additional  functions  performed  by  the  video 
output  logic  include  the  multiplexing  of  48-bit  words  into  a sequence  of  6-bit  video  pels 
having  a frequency  eight  times  that  of  the  48-bit  memory  words.  Subsequent  logic  is  in- 
cluded to  select  any  precision  from  1 to  6 bits  or  any  bit  plane  from  1 to  6 for  presentation 
to  the  D/ A converter  and  the  monitor. 

The  output  video  multiplexing  is  performed  by  reading  a 48-bit  word  from  memory 
and  storing  it  in  an  output  register  via  the  data  bus.  A 3-bit  binary  counter  and  3-to-8 
decoder  is  then  used  to  selectively  enable  6-bit  tristate  buffers  onto  a 6-bit  video  data  bus. 

The  same  clock  used  to  increment  the  binary  counter  is  used  to  clock  successive  6-bit  video 
samples  to  a 6-bit  retiming  re^ster.  The  pel-serial  digital  video  is  then  sent  to  an  arrangement 
of  data  selecto*‘s  (multiplexers)  for  bit  plane/bit  precision  selection. 

The  bit  plane/bit  precision  logic  must  either  select  one  of  the  six  bit  planes  or  one  of  six 
bit  precisions  to  be  transmitted  to  the  D/A  converter.  It  is  important  that  no  loss  of  analog  dynam- 
ic range  occur  during  the  process.  As  shown  in  figure  .A40,  the  6-bit  digital  video  is  presented 
to  a single  8-to-l  bit-plane-select  multiplexer  and  to  a 2-to-l  bit  precision  multiplexer  stage. 
Operation  of  this  logic  is  as  follows.  First,  a bit  precision  is  selected  from  1 of  6 bits.  If  a 
bit  precision  of  0 is  selected,  then  the  output  of  the  bit  plane  selector  is  enabled  into  all 
output  bit  positions.  Copying  logic  (for  simplicity  not  detailed  in  figure  A40)  in  the  bit 
precision  selectors  maintains  the  full  analog  dynamic  range  in  the  D/A  output.  Consider  a 
bit  precision  selection  of  5 as  an  example.  The  high-order  5 video  bits  are  connected  through 
line  driver/receiver  circuits  to  the  high-order  5 bits  of  the  D/A  converter.  The  low-order  bit 
of  the  D/A  converter  is  connected  to  the  most  significant  video  bit,  thereby  duplicating  the 
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most  significant  bit  in  tlie  least  significant  bit  position.  This  connection  assures  that  a video 
sample  of  value  will  be  transmitted  to  the  D/A  converter  as  a full  6-bit  zero  value  and 
77g  as  the  maximum  value.  Lower  bit  precision  selections  are  implemented  in  a similar  fashion 
such  that  the  highest  selected  video  bits  are  connected  directly  and  the  unused  low-order 
positions  are  copies  of  the  high-order  positions.  Any  connection  scheme  other  than  this 
either  sacrifices  D/A  dynamic  range  or  produces  excessive  nonlinear  steps  in  the  video  output. 

Since  the  D/A  converter  (which  is  located  adjacent  to  the  display)  contains  its  own  retim- 
ing register,  the  same  clock  used  for  the  video  multiplexer  is  transmitted  to  the  D/A  converter. 
Additional  timing  signals  are  the  horizontal  and  vertical  sync  pulses  for  the  display.  Either  the 
program-generated  syncs  are  sent  to  the  display  or,  in  their  absence,  automatic  sync  signals  are 
substituted  in  order  to  maintain  the  monitor’s  phase-locked  loops  within  their  normal  operating 
range. 


PROCESSING  CIRCUITRY 

The  MCU  generates  command  functions  for  the  memory  and  monitors  status  replies 
in  order  to  perform  the  required  data  transfers.  Since  the  capture  operation  is  a line-by-line, 
noninterlaced  function  and  the  display  monitor  requires  a 2-to-l  interlaced  video  input, 
some  form  of  address  calculation  is  required.  For  example,  if  the  incoming  video  data  are 
stored  sequentially  during  the  capture  operation,  then,  for  display  of  that  image,  every  other 
video  line  must  be  presented  to  the  display  as  field  1 and  the  second  set  ol  alternating  lines 
must  be  displayed  as  field  2.  This  means  that  the  controller  must  sequentially  output  the 
video  on  line  1 of  field  1,  then  add  a constant  (equal  to  the  number  of  words  per  line)  in 
order  to  skip  the  next  line,  and  output  the  second  line  of  the  same  field.  In  addition  to 
address  calculation,  direct  arithmetic  or  logical  manipulation  of  the  video  image  is  desirable. 

The  processing  circuitry  is  comprised  of  a standard  register  arithmetic  logic  unit 
(RALU).  The  hardware  selected  to  implement  the  RALU  is  the  Intel  (second-sourced  by 
Signetics)  3002  Central  Processing  Element.  The  3002  chip  is  a Schottky  bipolar  LSI 
circuit  containing  a 2-bit  slice  of  a complete  RALU.  It  is  expandable  in  2-bit  increments 
by  use  of  additional  chips,  and  optional  lookahead  carry,  to  any  desired  word  width.  The 
chip  contains  an  arithmetic  logic  unit  (ALU)  recognizing  39  basic  arithmetic  and  logical 
commands.  X total  of  13  registers  is  provided  including  an  accumulator,  a memory  ad- 
dress register,  and  1 1 scratchpad  registers. 

The  complete  MCU  utilizes  24  of  the  3002  chips  to  assemble  a complete  48-bit 
processing  section  plus  three  fast  lookahead  carry  (Intel  3003)  chips.  The  48-bit-wide 
RALU  provides  all  the  flexibility  for  address  generation,  memory  control,  and  video 
processing  that  is  now  required  or  might  be  required  in  the  future.  A detailed  descrip- 
tion of  the  operation  of  the  3002  and  associated  devices  is  available  from  both  Intel  and 
Signetics  (ref  A5  and  A6).  Figure  A41  shows  the  3002  block  diagram  and  summarizes 
the  basic  operations  implemented  therein. 


'^•‘’Seiics  3000  Refeience  Manual,  98-221  A,  Intel  Corporation,  Santa  Clara,  1975 
‘^^Introducing  the  3000,  Signetics,  Sunnyvale 
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Figure  A41 . 3003  block  diaeram  and  instruction  set. 
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In  order  to  operate  the  system,  a manual  data  display  and  function  control  panel  is 
provided.  It  is  possible,  from  the  control  panel,  to  load  48-bit  words  into  the  accumulator 
or  any  register,  display  the  contents  of  the  accumulator  or  any  register,  and  control  the 
clock  and  mode  functions.  Figure  A42  shows  the  layout  of  the  various  switches  and  dis- 
plays available. 


Sixteen  octal-coded  lever  switches  are  provided  to  enter  48-bit  data  words  into  the 
system.  Solid-state  buttons  and  an  additional  decade  lever  switch  permit  data  entry  to  any 
register  or  to  the  accumulator.  These  registers  may  be  examined  on  1 6 octal-coded  displays 
located  directly  below  the  lever  switches.  Operation  of  the  manual  data  transfers  is  as  fol- 
lows. A register  is  selected  by  touching  the  accumulator  (AC)  button  or  the  button  with 
Rq  - R9  selected  on  the  R^  switch.  Each  time  the  AC  or  Rp  button  is  touched,  the  display 
presents  the  contents  of  the  selected  register.  Data  entry  is  accomplished  by  setting  the  de- 
sired value  into  the  switch  register  (lever  switches)  and  touching  the  SET  button.  The  data 
on  the  lever  switches  will  be  transferred  to  the  selected  register  and  then  will  be  displayed. 

A CLEAR  button  is  also  provided.  Operation  is  like  that  of  the  SET  button  except  that  the 
lever  switches  are  ignored  and  the  value  of  the  selected  register  is  set  to  zero. 

A DEPOSIT  button  is  provided  to  enable  the  manual  entry  of  48-bit  words  into  a 
selected  main  memory  location.  This  is  accomplished  by  the  following  procedure.  First, 
register  R7  is  selected  and  the  desired  memory  location  is  set  into  the  low-order  16  bits. 

The  data  word  to  be  loaded  into  memory  is  then  set  on  the  lever  switches  and  the  DEPOSIT 
button  is  touched.  This  operation  transfers  data  from  the  lever  switches  to  the  memory  lo- 
cation specified  by  R7  and  subsequently  displays  the  contents  of  the  memory  location 

(R7+  !)■ 

Three  switches  are  provided  in  the  upper  left  corner  of  the  front  panel  which  permit 
manual  selection  of  the  system  clock  source.  During  capture  of  video  data  from  the  scan- 
ning hardware,  the  external  clock  position  must  be  selected.  In  this  mode  of  operation  the 
entire  system  is  clocked  and  timed  by  use  of  the  clock  transmitted  from  the  scanning  hard- 
ware. This  synchronizes  the  two  systems  and  avoids  further  retiming  hardware.  The  other 
two  clock  source  buttons  select  internal  clocks  of  two  speeds.  The  HS  (high  speed)  clock  is 
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used  for  display  of  video  data  or  execution  of  other  programs  at  video  rates.  The  MOS 
clock  is  a counted-down  version  of  the  HS  clock  and  is  used  for  lower-speed  functions. 
Clock  source  selection  may  also  be  performed  under  program  control. 


t;  The  mode  control  buttons  are  located  in  the  lower  right  portion  of  the  control  panel. 

These  switches  are  used  to  command  the  system  to  operate  in  various  ways.  Instructions 
I can  be  run,  stepped,  or  repeated  by  use  of  the  mode  control  buttons.  A master  SYSTKM 

I RESET  button  is  also  included. 

[ There  are  certain  error  conditions  detectable  by  the  MCU.  If  any  of  these  condi- 

tions occur,  all  operation  with  the  MCU  is  suspended  and  a fault  light  is  enabled.  After 
touching  the  SYSTEM  RESET  button,  the  contents  of  registers  and  memory  locations  may 
be  examined  and  the  cause  of  the  fault  determined,  following  which  operation  may  (op- 
tionally) be  resumed. 

The  last  special  function  of  the  control  panel  is  provided  by  the  BOOTSTRAP  but- 
' ton.  This  button  is  used  only  to  initialize  the  system  by  initiating  a special  internal  function 

which  loads  a logical  record  from  magnetic  tape  into  the  program  section  of  the  FSM.  This 
function  greatly  simplifies  the  overall  operation  of  the  ICAS,  which  is  continued  following 
BOOTSTRAP  by  the  use  of  Tektronix  4051. 

PERIPHERAL  INTERFACES 

In  order  for  the  memory  and  control  system  to  communicate  control  and  data  infor- 
mation to  peripheral  devices,  interface  hardware  is  provided.  There  are  four  groups  of  inter- 
face hardware  (not  including  the  scanning  hardware  or  the  memory),  each  with  multichan- 
nel capability.  The  peripheral  interfaces  currently  implemented  are  the  Versatec  printer/ 
plotter  interface,  the  Kennedy  magnetic  tape  interface,  an  RS-232  serial  interface,  and  the 
(previously  discussed)  IEEE  GPIB  interface. 

These  interface  channels  (though  relatively  few  in  number)  provide  all  the  flexibili- 
ty needed  to  perform  the  capture,  storage,  display,  processing,  and  analysis  of  USPS  video 
images. 

In  order  to  allow  generation  of  hard  copies  of  digitized  images,  the  MCU  includes  an 
interface  to  a printer/plotter.  The  interface  provides  for  image  plotting  of  up  to  8 million 
i 1-bit  pels  per  second  transmitted  as  8-bit  bytes.  The  interface  also  provides  for  transmission 

i of  up  to  1 million  ASCII  characters  per  second,  which  allows  for  hard  copy  of  processed 

image  statistics  and  processing  programs. 

Magnetic  tape  data  transfers  require  a control  register  wider  than  the  8 bits  of  the 
other  interfaces,  and  require  block  transfers  of  data.  Therefore,  the  interfaces  are  considera- 
V bly  different  from  other  parallel  interfaces.  The  magnetic  tape  channel  has  the  capability  to 

communicate  with  four  tape  drives.  Special  control  is  provided  to  facilitate  block  transfers 
of  data.  Also  included  are  standard  command-register  outputs  and  sense  or  status  condition 
I inputs  from  the  magnetic  tape  unit  to  the  control  system. 

In  the  RS-232  interface,  data  are  transferred  as  8-bit  characters,  bit-serial  at  9600 
baud.  The  MCU  includes  the  serial-to-parallel,  parallel-to-serial,  and  timing  logic  required. 
On  the  MCU  side  of  the  interface,  data  are  8-bit  parallel  and  are  accessed  on  the  low-order  8 
bits  of  the  MCU  I/O  data  bus. 

The  two  major  blocks  not  mentioned  here  are  the  memory  interface  which  was  dis- 
cussed earlier  and  the  microprogram  control  element  which  is  discussed  in  the  next  section 
(the  3001  microprogram  control  unit). 
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MICROPROGRAM  CONTROL 

A crucial  part  of  any  digital  logic  system  is  the  control  sequence  generator.  This  logic- 
block  is  reponsible  for  maintaining  system  timing  and  synchronisation.  It  generates  all  the 
control  signals  required  by  the  remainder  of  the  system.  This  control  sequencer  is  responsible 
for  directing  the  operation  of  all  other  logic  blocks  within  the  system.  Methods  of  implemen- 
ting this  control  hardware  fall  into  two  general  categories.  Older  equipment  generally  used  a 
sequential  state  counter  approach  in  which  the  entire  control  structure  is  defined  by  hard- 
wired logic  elements.  This  is  perfectly  adequate  for  smaller  logic  systems  or  for  those  in 
which  changes  in  the  control  structure  will  not  be  made.  Extensive  hardware  rework  may  be 
required  in  this  type  of  control  structure  if  minor  alterations  in  the  sequence  generator  out- 
put states  are  required.  A more  versatile  approach  in  which  the  control  structure  is  stored  as 
a bit  pattern  in  a memory  is  called  microprogramming.  All  that  is  required  to  completely 
alter  the  control  structure  of  a microprogrammed  machine  is  to  reprogram  the  micromemory. 

A microprogram  is  similar  to  machine  or  assembly  language  in  that  they  are  both  logi- 
cal sequences  of  instructions  controlling  the  operation  of  the  machine.  The  primary  differ- 
ence is  that  whereas  an  assembly  language  instruction  might  specify  an  ADD  instruction  and 
the  main  memory  address  of  the  data  to  be  used,  a microinstruction  would  specify  the  data 
paths  and  register  controls  as  well  as  the  ALU  operation.  In  order  to  accomplish  this,  the 
state  of  all  control  signals  required  internal  to  the  machine  is  stored  in  the  micromemory. 
These  control  signals  include  data  routing  (bus  enables  and  data  sources),  memory  controls, 
clock  controls,  system  status  checks,  and  special  function  generation.  The  disposition  of  each 
hardware  resource  is  controlled  at  all  times  by  the  micromemory,  either  explicitly  by  design 
or  implicitly  by  omission. 

There  are  a great  number  of  implementation  methods  for  microprogram  control  struc- 
tures. There  are  possible  variations  in  the  organization  of  micromemory  and  the  microword, 
in  the  coding  and  routing  of  control  signals,  and  in  the  method  of  invoking  the  control  signals. 
Regardless  of  the  implementation  method  chosen,  some  form  of  micromemory  address  se- 
quencer is  necessary  to  select  the  order  in  which  to  execute  microinstructions. 

In  the  MCU  hardware  the  microprogram  address  generator  is  an  Intel  3001  micropro- 
gram control  unit.  Two  separate  microprogram  memories  are  provided  for  control  storage. 
One  memory  is  a high-speed  programmable  read-only  memory  (PROM)  which  stores  the  con- 
trols required  to  manipulate  data  at  video  rates.  This  memory  is  supplemented  by  a smaller 
electrically  alterable  read-only  memory  (EAROM)  which  is  used  at  lower  speeds  for  micro- 
program development  and  testing  and  for  operation  at  low  speeds. 


3001  MICROPROGRAM  CONTROL  UNIT 

The  Intel  3001  microprogram  control  unit  contains  a micromemory  address  register 
and  the  primary  set  of  logic  necessary  to  maintain  proper  microprogram  sequencing  ( fig  A43 ). 
The  microprogram  address  register  is  a 9-bit  register  with  outputs  designated  MAjj  through 
MAq  (high-order  to  low-order  bit).  The  contents  of  this  register  select  one  of  2*^  (5 1 2)  possi- 
ble micromemory  locations.  The  register  contents  are  synchronously  determined  by  the 


Figure  A43.  3001  block  diagram. 

next-address  logic  in  one  of  several  ways.  The  low-order  8 bits  of  the  register  can  be  loaded 
from  the  primary  and  secondary  instruction  bus  inputs  (PX7-SX0)  by  setting  the  LD  input 
to  active  high.  After  the  rising  edge  of  the  clock,  the  data  on  the  secondary  instruction  bus 
(SX3  - SXq)  will  be  loaded  into  MA7  through  MA4  and  the  data  on  the  primary  instruction 
bus  (PX7-PX4)  will  be  loaded  into  MA3  through  MAq-  On  a LD  operation,  MA3  is  always 
set  to  a logic  0,  allowing  selection  of  any  one  of  the  first  256  locations  in  a 5 1 2-word  micro- 
memory. During  normal  microprogram  execution,  the  next-address  logic  generates  each  sue 
cessive  microprogram  address  as  a function  of  the  current  address  and  the  address  control 
function  inputs  ( AC5  through  ACq).  As  shown  in  figure  A44,  the  AC  values  are  stored  in  mi- 
cromemory so  that  each  microinstruction  controls  the  sequencing  to  the  next  microinstruc- 
tion. The  3001  contains  two  flags  (C  and  Z)  and  a test  input  (F-latch)  which  may  also  affect 
the  next  micromemory  address,  depending  upon  the  next-address  function  specified  by  AC(, 
through  ACq.  For  a detailed  description  of  this  complicated  operation,  the  reader  is  referred 
to  the  published  Intel  3001  data  sheet  (ref  A5). 

Figure  A44  shows  the  general  interconnection  and  function  of  all  microlevel  compon- 
ents. In  operation,  each  micromemory  output  word  contains  the  appropriate  controls  for  all 
hardware  resources.  Each  sequence  of  microinstructions  causes  the  system  to  perform  some 
desired  function  called  a macroinstruction.  The  starting  micromemory  address  (called  the 
opcode)  for  a particular  macroinstruction  is  loaded  into  the  microprogram  address  register 
by  the  LD  function  already  mentioned.  The  address  is  obtained  by  a microprogrammed 
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macroinstruction-fetcli  routine  ( fig  A45),  whicJi  checks  for  a front-panel  operation  and  fetch- 
es a macroinstruction.  The  source  for  the  opcode  may  be  either  the  front-panel  data  switches 
or  the  main  memory.  By  using  main  memory  as  the  source  of  macroinstructions,  a group  of 
macroinstructions  may  be  stored  in  memory  in  a logical  sequence,  constituting  a macropro- 
gram (or  machine  language  program)  and  providing  macrolevel  control  of  the  microprogram 
memory.  There  are  currently  two  general  types  of  macroinstructions  implemented  in  the  mi- 
croprogram memory.  The  first  type  consists  of  the  special-purpose  microprograms  to  capture 
and  display  video  data.  The  second  type  consists  of  a primitive  instruction  set  allowing  arith- 
metic and  logic  functions  to  be  performed  under  macroprogram  control. 

An  example  of  a typical  operation  would  start  at  instruction  OPj^.  This  sequence  of 
microinstructions  (fig  A49)  uses  scratchpad  register  Rq  as  a program  counter  and  fetches 
from  main  memory  an  instruction  from  the  location  specified  by  R9.  If  the  instruction  selec- 
ted happened  to  be  a “LDA”  instruction  (fig  A50, opcode  80}^),  then  the  microcode  would 
jump  from  instruction  ID^  to  instruction  80^  and  proceed  through  the  LDA  routine.  The 
last  microinstruction  of  all  macroinstructions  must  necessarily  be  a jump  to  the  beginning  of 
the  fetch  routine  located  at  OFj^j.  In  this  manner  a continuous  fetch/execute  sequence  is 
implemented. 

An  appreciation  of  the  complexity  involved  in  the  video  operations  can  be  gained  by 
observing  the  flowchart  of  the  capture  microroutine  ( fig  A46). 


■POWER  ON'  OR 
■RESET' 


Figure  A45.  Microprogramined  fetch  cycle. 
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Figure  A46.  CAPTURE  microprograin  flowchart. 
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SPHED  CONSIDERATIONS 

As  described  earlier,  tlie  3001  generates  the  address  information  for  the  micro- 
memory. Speed  considerations  have  made  it  necessary  to  separate  the  microinstruction 
memory  into  two  separate  modules.  Micromemory  1 is  a low-speed  UV  erasable  MOS 
EAROM.  Since  this  memory  can  be  erased  and  reprogrammed  repeatedly,  it  is  used  for 
program  development  and  testing.  Its  1 -microsecond  cycle  time,  however,  is  far  too  great  to 
be  useful  for  video  routines.  Micromemory  2 is  a Schottky  TTL  PROM  (with  a 60-ns  cycle 
time)  which  is  not  erasable.  After  video  and  other  microroutines  are  tested  and  debugged  in 
the  MOS  micromemory,  they  are  permanently  programmed  into  the  TTL  micromemory, 
where  they  operate  at  the  required  video  rates. 

The  3001  microcontrol  unit  applies  its  address  output  to  both  micromemories  simul- 
taneously (fig  A47).  At  each  system  clock  pulse  the  3001  generates  the  next  microaddress, 
and  the  current  microinstruction  is  loaded  into  independent  pipeline  registers  from  each 
micromemory.  The  microinstructions  stored  in  the  pipeline  registers  are  tristate-buffered  to 
a single  microinstruction  bus  and  are  selected  by  the  system  clock  source.  When  the  low- 
speed  MOS  clock  is  selected,  the  same  signal  enables  instructions  from  the  MOS  memory  onto 
the  microinstruction  bus.  When  high-speed  operation  is  required,  the  high-speed  (US)  or  the 
external  (EXT)  clock  is  selected  and  micromemory  2 is  enabled.  The  appropriate  clock 
source  flip-flop,  and  therefore  micromemory  selection,  may  be  made  either  manually  from 
the  front  panel  or  under  program  control  via  system  control  lines. 

MICROCODE 

Microcode  is  the  term  used  for  the  organization  of  the  individual  microinstructions. 
The  microcode  implemented  in  the  MCU  uses  a 48-bit  microcontrol  word  divided  into  14 
control  fields.  (The  fact  that  the  control  word  is  48  bits  long  is  coincidental  and  has  no 
direct  relationship  to  the  48-bit  main  memory  word  width.)  Table  A4  indicates  the  width  of 
each  control  field  and  its  use.  Table  AS  gives  a breakdown  of  the  field  encoding  scheme. 

The  control  fields  are  decoded  when  appropriate  and  the  resulting  signals  control  the 
logic  in  the  rest  of  the  system.  Strings  or  sequences  of  microcontrol  words  implement  the 
more  general  macrolevel  instructions.  Using  a program  counter  (Rq)  and  a microroutine 
(fetch)  to  read  instructions  from  main  memory,  full  programmability  is  achieved. 

Figure  A48  shows  the  format  used  in  flowcharting  microcode  and  figures  A49 
through  A61  show  the  complete  set  of  microprogrammed  control  routines  implemented  in 
the  MCU.  The  flowcharts  provide  a detailed  map  of  the  microcode  execution. 
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TABLE  A4.  MICROCODE  CONTROL  WORD  FIELDS. 


Control 

Word 

Field 

Bits 

Width 

Function 

06-00 

7 

3001  next-address  control 

10-07 

4 

3001  flag  control 

17-11 

7 

3002  function  code 

19-18 

2 

K logic  control 

22-20 

3 

Bus  data  source  control,  MDB 

25-23 

3 

Bus  data  source  control,  SDB 

27-26 

2 

Main  memory  command 

29-28 

2 

Clock  source  control 

30 

1 

3002  clock  inhibit 

34-31 

4 

External  function  A 

38-35 

4 

External  function  B 

40-39 

2 

Address  bus  data  source 

45-41 

5 

Test  input  select 

46 

1 

Test  sense  inversion 

47 

1 

Spare 

TABLl:  A5.  MICROINSTRUCTION  FlIiLD  DliCODli. 


Field 

/U-word  bits 

Code  (Binary) 

Function 

AC 

06-00 

See  3001  data  sheet 
(next  address) 

FC 

10-07 

See  3001  data  sheet 
( Hag  control) 

F 

17-11 

— 

See  3002  data  sheet 
(function  code) 

K 

10-18 

00 

K = all  O’s 

0 1 

K = Kx* 

1 0 

1 1 

K = all  I’s 

MDB  enables 

22-20 

000 

NOP 

00  1 

AC  ^ MDB 

0 1 0 

0 1 1 

1 00 

1 0 1 

1 I 0 

1 I I 

SBD^MDB 

SDB  enables 

25-23 

000 

NOP 

00  1 

Memory  ->SDB 

0 1 0 

Input  Logic  -^SDB 

0 ! 1 

Tape  SDB 

1 00 

Data  Switches  -♦SDB 

1 0 1 

Aux  I/O -►SDB 

1 1 0 

1 I 1 

MDB^SDB 

Memory 

27-26 

00 

NOP 

Control 

0 1 

WRITE 

1 0 

READ 

1 1 

REFRESH  REQUEST 

Clock  Control 

20-28 

00 

NOP 

0 1 

1 1 

Set  HSClk-Enable  TTL  m 
Set  MS  Clk-Enable  MOS  m 

1 0 

Set  EX  Clk-Enable  TTL  m 

CK  INU 

30 

0 

1 

NOP 

Inhibit  CPE  clock 

*x  specified  by  EFBj  q 
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TABLE  A5.  MICROINSTRUCTION  FIELD  DECODE.  (Continued) 


!i 

'i 


Ij ' 


I 


I’ield 

External  Function 
A 


External  Function 
B 


MARB 


fi-word  bits  Code  (Binary) 


Function 


34-31 


38-35 


40-39 


0000 

NOP 

000  1 

Set  “Step  Macro” 

00  10 

00  11 

0 100 

Capture 

0 10  1 

Clear  Front  Panel 

0 110 

IR(Rn) 

0 111 

IR  (Sense) 

1000 

Vertical  Sync 

100  1 

IR(Kn) 

10  10 

I/O  Strobe  (lOS) 

10  11 

1100 

110  1 

1110 

1111 

Boot  Done 

0000 

NOP 

000  1 

Display  Cycle  Start  (DCS) 

00  10 

SPX  - MDB 

00  11 

N -»  FO,  3 

0 100 

SPX  - IR 

0 10  1 

Memory  Protect  (M  PROT) 

0 110 

Data  available  out  (DAO) 

0 111 

Boot  TAPE 

1000 

Horizontal  sync 

1 00  1 

Data  Ready  for  TAPE  (DRT) 

10  10 

10  11 

1100 

110  1 

1110 

1111 

00 

0 1 

Load  Tape  Data  Register  (LTDR) 

1 

j 

NOP  t 

1 0 

MAR ->•  MARB 

1 1 

MDB ->•  MARB  (MDBM)  | 

I 


I 

f 
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TABLE  A5.  MICROINSTRUCTION  FIELD  DECODE.  (Continued). 


s 


i 


Field 

TEST  ENABLE 


//-word  bits 

Code  (Binary) 

Function 

4541 

00000 

CO/RO 

0000  1 

SENSE  1 

000  10 

SENSE  2 

000  11 

SENSE  3 

00  100 

SENSE  4 

00101 

SENSE  5 

00110 

SCANNER  DA  (DA) 

00111 

MAN  FI 

0 1000 

TRUE 

0 1001 

MDB47 

0 10  10 

RUN 

0 10  11 

Flag  out 

0 1100 

LINE  SYNC  (Scanner)  (LS) 

0 110  1 

Rn 

0 1110 

DSR24 

0 1111 

MDBo 

10000 

I/O  status 

1000  1 

WAIT  (tape) 

10010 

Tape  gap  detected  (TCD) 

10011 

Read  data  strobe  (RDS) 

10  100 

BOOT  EN 

1 0 I 0 1 
10  110 
10  111 

It  000  

11001 
110  10 
110  11 
11100 
1110  1 
11110 
1 1 


I 

i 

I 
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’octal  representation 

OF  JU -MEMORY  LOCATION 


^CPE  OPCODE 
MNEMONIC 


^assembly  language 
'mnemonic  for  macro- 
instruction 


^hexadecimal 

^REPRESENTATION 
"of  -MEMORY 
LOCATION 


®FLAG  OUT. 
MNEMONIC 


^AC  FEEDBACK. 
TO  MCU 


200 

■ ACM  (A) 
FF,K  (0) 

mar,  read 

SDB,  MEM 


LDA 


-J2R  (D) 


’K  INPUT  CONTROL 


- 'SYSTEM  CONTROL 
MNEMONICS 


NOTES: 

1.  OPTIONAL  AND  USUALLY  APPEARS  ONLY  AT  FIRST  MICROWORD  OF  A MACROINSTRUCTION 

2.  APPEARS  ONLY  AT  FIRST  MICROWORD  OF  A MACROINSTRUCTION 

3.  LEADING  ZERO  NOT  GIVEN  FOR  FIRST  256  LOCATIONS 

4.  SEE  3002  DATA  SHEET  FOR  FUNCTION.  PARENTHESES  INDICATE  REGISTER  OPERATED  UPON 

5.  SEE  3001  DATA  SHEET  FOR  FUNCTION 

6.  SEE  TABLE  A5  FOR  FUNCTION  DESCRIPTION 

7.  FLAG  INPUT  IS  SPECIFIED  ONLY  IF  OTHER  THAN  THE  DEFAULT  CONDITION  HCZ  AND  THEN  APPEARS 
ON  THE  SAME  LINE  WITH  FLAG  OUT  AND  K-CONTROL 

DEFAULT  CONDITIONS  (IF  NOT  SPECIFIED  ON  FLOWCHART) 

FLAG  IN  - HCZ 

SYSTEM  CONT  - NOP 

TEST  MUX  - CO/RO  NONINVERTED 

Figure  A48.  ROM  flowchart  format. 


200  LDA  80  201  LDAX(X|  81  202  STA  82  203  STAX(X)  83  204  LDX{X)  84  205  STX(X)  85  206  LSP  86 


Figure  A52.  Memory  referencj  instructions. 


Figure  ASS.  ALU  instructions 


re  A56.  ALU  instructions 


273  INPT(X)  BB 


END  VERTICAL 


A-105/(A-106  blank) 


MACROINSTRUCTION  SET  (TABLE  A6  AND  A7) 


In  order  to  allow  any  degree  ol  versatility  in  image  processing,  the  processing  system 
must  be  programmable;  that  is,  it  must  be  possible  to  implement  any  logical  sequence  of  pre- 
defined operations  with  reasonable  lacility.  In  addition,  these  predefined  operations  must  be 
neither  too  specific  nor  too  complex,  as  these  either  require  the  invocation  of  too  many 
operations  or  restrict  the  tlexibility  of  the  processing.  Although  the  MCU  is  micropro- 
grammed, a sequence  of  microinstructions  long  enough  to  accomplish  any  worthwhile  task 
would  be  extremely  difficult  to  implement.  For  this  reason,  a group  of  predefined  operations 
is  implemented  in  microcode  and  can  be  invoked  individually  by  use  of  the  instruction-fetch 
microroutine  previously  described.  This  set  of  predefined  functions  is  the  macroinstruction 
set  and  consists  of  tour  general  groups  of  instructions:  special-purpose  image  capture  and 
display  instructions,  a general-purpose  arithmetic  and  logical  instruction  set  which  is 
necessary  to  perform  the  various  processing  transfomiations  of  the  video  data,  general- 
purpose  peripheral  I/O  device  data  transfer  instructions,  and  special  system  control. 


IMAGE  GROUP  (GROUP  I) 

The  image  instruction  group  consists  of  two  image  capture  instructions  and  one  image 
display  instruction.  The  CAPL  (capture  line)  instruction  provides  for  the  capture  of  a single 
line  of  video  data  and  allows  specification  of  the  number  of  pels  on  the  line  to  be  captured 
and  the  location  in  memory  at  which  the  data  are  to  be  stored.  Video  data  are  packed  with 
eight  pels  in  each  memory  word.  The  CAPT  (capture)  instruction  is  a more  general-case 
capture  which  allows  specification  of  starting  line  of  a sequence  of  lines,  number  of  lines, 
starting  pel  on  each  line,  and  number  of  pels  on  each  line.  The  CAPT  instruction  also  stores 
data  in  packed  form. 

The  DISP  (display)  instruction  outputs  a portion  of  an  image  (as  stored  by  a CAPT 
instruction)  for  display  on  a video  monitor.  DISP  provides  a 2-to-I  interlace  raster-scan 
display  with  the  appropriate  horizontal  and  vertical  sync  pulses  and  proper  data  formatting 
if  the  video  field  is  stored  sequentially  in  main  memory.  DISP  allows  specification  of  lines 
per  field,  starting  location  of  image  in  main  memory,  pels  per  line,  and  horizontal  and  vertical 
retrace  delays.  If  the  portion  of  image  in  main  memory  was  acquired  by  use  of  the  CAPT 
instruction,  the  DISP  parameters  must  correspond  to  the  CAPT  parameters  for  a valid  • 
display. 


GENERAL-PURPOSE  PROGRAM  GROUP  (GROUP  II) 

Group  II  instructions  are  divided  into  four  classes:  memory  reference  instructions 
(MRIs),  register  instructions  (RIs),  jump  or  program  sequencing  instructions  (PSIs),  and 
arithmetic  and  logical  instructions  (ALls). 

MR  class  instructions  are  those  which  either  load  from  memory  or  store  an  accumu- 
lator or  register  value  into  main  memory.  MRIs  include  LDA,  STA,  STAX  LDX  STX  LSP 
and  LDK, 


TABLE  A6.  MACROINSTRUCTION  SUMMARY. 


1 


OPCODE 

MNEMONIC 

FUNCTION 

OPCODE 

MNEMONIC 

FUNCTION 

200 

LCA 

Load  A direct 

240 

SRO 

Shift  A riglit,  1 fill 

201 

LDAX(x) 

Load  A indexed 

241 

SRZ 

Shift  A rigid,  0 fill 

202 

STA 

Store  A direct 

242 

SLZ 

Shift  A left,  0 fill 

203 

STAX(x) 

Store  A indexed 

243 

SRC 

Shift  A right,  circular 

204 

LDX(x) 

Loud  index  register 

244 

AND 

Logical  AND  (A) 

205 

STX(x) 

Store  index  register 

245 

lOR 

Logical  OR  (A) 

206 

ESP 

Load  stack  pointer 

246 

XOR 

Logical  XOR  (A) 

207 

LDK(x) 

Load  K-register 

247 

COM 

One’s  Complement  (A) 

210 

CAPT 

Capture 

250 

ADD 

Add  memory  to  A 

211 

CLX(x) 

Clear  index  register 

251 

SUB 

Subtract  memory  from  A 

212 

INX(x) 

Increment  index  reg 

252 

INC 

Increment  A 

213 

DCX(x) 

Decrement  index  reg 

253 

DEC 

Decrement  A 

214 

DSZ(x) 

DCX,  skip  on  0 result 

254 

CLA 

Clear  A 

215 

DISP 

DISPLAY 

255 

Invalid 

216 

HALT 

HALT 

256 

SMC 

Set  MOS  Clock 

217 

NOP 

Null  operation 

257 

Invalid 

220 

JP 

Jump  unconditional 

260 

MPR 

Memory  Protect 

22 1 

Invalid 

261 

TRAX(x) 

Transfer  (A)  to  index 

222 

Invalid 

262 

TRXA(x) 

Transfer  (index)  to  A 

223 

JNN 

J ump  A > 0 

263 

PUSH 

(A)  placed  on  TOS 

224 

JPN 

Jump  A <0 

264 

POP 

(TOS)  placed  in  A 

225 

JPZ 

JUMP  A = 0 

265 

LDAC 

Load  A with  constant 

226 

JNZ 

Jump  A ^ 0 

266 

ADDC 

Add  constant  to  A 

Toy 

Invalid 

267 

SUBC 

Subtract  constant  from  A 

230 

Invalid 

270 

CAPL 

Capture  Line 

231 

JPX(x) 

Jump  indexed 

271 

OUTV(x) 

Output  Video  on  ch  x 

232 

JPA 

Jump  A indirect 

272 

233 

BYT 

Shift  right  8 bits 

273 

INPT(x) 

Input  data  block  from 
tape  ch  X 

234 

JPI 

Jump  memory  indirect 

274 

OUTT(x) 

Output  data  block  on 
ch  X 

235 

JPR 

Jump  subroutine  return 

275 

lNP(x) 

Input  one  word  on  ch  x 

236 

JSR 

Jump  to  subroutine 

276 

OUT(x) 

Output  one  word  on  ch  x 

237* 

■SKIP 

Skip  on  Skip  x set 

277 

SIOC(x) 

Skip  on  I/Ocondtn  satisfied 

(x)  indicates  modifier  sensitive 

* not  yet  implemented  in  hardware 

TOS  = top  of  stack 
A Accumulator 
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TABLE  A7.  MACROINSTRUCTION  DESCRIPTIONS. 

1 ) and  R^  contents  are  altered  during  tire  course  of  certain  instructions.  Some 
block  transfer  instructions  require  prior  register  setup  (Rt,  R5,  Rj  , R^). 

2)  Before  executing,  a program  stack  pointer  (Rg)  should  be  set  to  desired  first  stack  location. 

3)  All  arithmetic  and  logical  instructions  leave  the  result  in  the  accumulator. 

4)  Interrupt  sequence  assumes  handling  routine  to  be  resident  at  location  0 in  program  storage. 

5)  Memory  protect  is  program-accessible  only  in  that  it  protects  those  portions  of  memory 
designated  by  front-panel  switches  on  invocation  of  MPR  instruction.  Unless  this  effect 
is  required,  MPR  should  be  used  only  from  front  panel.  Memory  protect  does  not  protect 
against  loss  of  refresh  or  loss  of  power. 

6)  Any  interrupt  service  routine  must  end  with  JPR  to  restore  to  entry  conditions.  If  any 
registers  are  used,  they  must  be  saved  in  temporary  locations  before  execution  of  the  ISR 
and  the  values  returned  after  execution. 

7)  Subroutine  jump  destroys  contents  of  Ry  : Ry  used  in  lowest-level  routine  or  save  before  JSR. 
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OPCODE 


fpf 


BS 


fpf  = front-panel  fetch 

B 

= 

byte  select 

X = index  modifier 

Y 

= 

address  or  constant 

F = function  code  modifier 

BS 

= 

block  size 

( ) = contents  of 

A 

= 

accumulator 

= replaces  contents  of 

AT 

= 

accumulator  or  T register 

Rjj  = index  register  X 

Kx 

= 

K register  X 

S = stack  pointer  (Rg) 

P 

= 

program  counter  (R^) 

SKj^  = skip  button  x 

i 

= 

bit  i of  register 
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R class  instructions  are  those  which  directly  affect  the  contents  of  one  of  tlie  index/ 
counter  registers  in  the  MCU  central  processor.  Rls  include  CLX,  INX,  DC'X,  DSZ,  and 
TRAX. 

PS  class  instructions  control  the  program  How  by  either  unconditional  or  conditional 
program  branch.  This  includes  unconditional  jump  (JP),  conditional  jumps  (JNN,  JPN, 

JPZ,  JNZ)  indirect  jumps  (JPI,  JPA),  and  subroutine  jump  and  return  (JSR,  JPR). 

AL  class  instructions  directly  affect  the  contents  of  the  accumulator  and  include 
arithmetic  instructions  (ADD,  SUB,  INC,  DEC,  ADDC,  SUBC),  logical  instructions  (SRO, 
SRZ,  SLZ,  SRC,  AND,  lOR,  XOR,  COM,  BYT),  and  the  accumulator  initialization 
instructions  (CLA,  LDAC,  PUSH,  POP). 


I/O  GROUP  (GROUP  111) 

Group  111  consists  of  both  byte  transfer  and  block  transfer  instructions  as  well  as  an 
I/O  condition  test  instruction  (SIOC).  Byte  transfer  instructions  are  simple  single-byte  trans- 
fers with  no  condition  checks.  Proper  conditions  for  input  (INP)  and  output  (OUT)  of  single 
bytes  must  be  tested  for  by  use  of  the  SIOC  instructions. 

Two  block-transfer  output  instructions  allow  high-speed  transfer  of  either  program  or 
ASCII  data  as  six  8-bit  bytes  for  each  memory  word  (OUTT)  or  as  eight  8-bit  pels  for  each 
memory  word  (OUTV)  with  two  leading  O’s  added  to  the  6-bit  pels.  Block  transfer  input 
(INPT)  allows  high-speed  input  of  8-bit  bytes  to  be  packed  into  memory  with  6 bytes  in  each 
memory  word. 


SYSTEM  CONTROL  GROUP  (GROUP  IV) 

Group  IV  consists  of  those  instructions  which  allow  the  MCU  user  to  explicitly 
specify  hardware  operations.  Group  IV  instructions  include:  HALT  (which  stops  the  system 
clock  at  the  beginning  of  the  next  instruction-fetch  cycle),  SMC  (which  toggles  the  clock 
between  MOS  and  HS  to  allow  use  of  both  micromemories  under  program  control),  and 
MPR  (which  sets  the  memory  protect  feature). 

Two  other  functions,  which  are  not  normally  used  as  program  instructions  but  do 
exercise  system  control,  are  INTERRUPT  and  BOOTSTRAP.  Each  of  these  “instructions” 
is  invoked  by  a hardware  signal  sequence. 
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OPCODEg 

MNEMONIC 

FUNCTION 

200 

LDA 

< 

t 

> 

201 

LDAX(x) 

(Y  + R,) 

202 

STA 

A^Y 

203 

STAX(x) 

A->-Y  + Rx 

204 

LDX(x) 

(Y)-Rx 

205 

STX(x) 

Rx-Y 

206 

LSP 

(Y)^S 

207 

LDK(x) 

(Y)-Kx 

210 

CAPT 

211 

CLX(x) 

0-R^ 

212 

INX(x) 

Rx+'^Rx 

213 

DCX(x) 

Rx  ■ ’ ^Rx 

214 

DSZ(x) 

Rx  ■ * ~^Rx 

If  result  = 0; 

P+  1 ->P 

215 

DISP 

216 

HALT 

217 

NOP 

220 

JP 

Y->p 

221 

Not  used 

222 

Not  used 

223 

JNN 

if  A>0 

224 

JPN 

if  a < 0 
Y-P 

225 

JPZ 

if  A = 0 

Y ->-P 

226 

JNZ 

Ifa  f 0 

Y-»  p 

227 

Not  used 

230 

Not  used 

231 

JPX(x) 

R^  + Y^P 
Y^P 

232 

JPA 

A-P 

DESCRIPTION 

Load  accumulator  (acc) 

Load  acc  with  contents  of  memory  location 

Store  contents  of  acc  in  memory  location  Y 
Store  contents  of  acc  in  memory  location 

Y+Rx 

Load  index  R^^  with  contents  of  memory 
location  Y 

Store  contents  of  Rj^  in  memory  location  Y 
Load  stack  pointer  with  stack  start  location 
Load  Kjj  with  contents  of  memory  location  Y 
Initiate  capture  routine  in  TTL  ROMs 
Clear  index  R^^ 

Add  1 to  contents  of  R^^ 

Subtract  1 from  contents  of  R^^ 

Subtract  1 from  contents  of  R^^ 
skip  the  following  instruction 

Initiate  the  DISPLAY  routine  in  TTL  ROMs 
Sets  STEP  MACRO  and  stops  MCU  clock 
No  operation 

Transfer  program  control  to  memory 
location  Y 

If  contents  of  acc  are  not  negative 
( > 0),  then  jump  to  Y 

If  contents  of  acc  are  negative  ( < 0 ), 
then  jump  to  Y 

If  contents  of  acc  are  zero, 
then  jump  to  Y 

If  contents  of  acc  are  not  zero, 
then  jump  to  Y 


Jump  to  location  specified  by  sum  of 
the  contents  of  R^^  and  Y 

Jump  to  location  specified  by  the 
contents  of  acc 
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OPCODbg 

MNEMONIC 

FUNCTION 

DESCRIPTION 

23.^ 

BYT 

1 

(niod4-7) 

Rotate  acc  right  8 bits 

234 

JPI 

(Y)^P 

Jump  to  location  specified  by  the 
contents  of  Y 

235 

JPR 

((S))->P 

S-  1 -♦s 

Jump  to  location  specified  by  the  top 
stack  element 

236 

JSR 

P ^CS) 

S+  1 -s 

Y^P 

Store  contents  of  program  counter 
on  top  of  stack  Jump  to  Y 

♦237 

SKIP 

ifSK^ 

P+  1 ^P 

If  SKIPj^  has  been  set, 
then  skip  the  following  instr 

240 

SRO 

A-Aj-  Y 

1 A4-7  - A4-7 . Y 

Shift  contents  of  acc  right  Y bits  and 
fill  left  end  of  acc  with  I’s 

241 

SRZ 

^^^-Y 
^0->-A47  - A47  . y 

Shift  contents  of  acc  right  Y bits  and 
fill  left  end  of  acc  with  O’s 

242 

SLZ 

^^^  + Y 

0 A/-J  A 

0 - Ay  . 1 

Shift  contents  of  acc  left  Y bits  and 
fill  right  end  of  acc  with  O’s 

243 

SRC 

Y 

Shift  contents  of  acc  right  Y bits 

mod4-7 

shifted  off  right  end  and  fill  left  end 
of  acc  with  the  Y bits  shifted  off  right 
end 

244 

AND 

A A (Y)^A 

Logically  AND  the  contents  of  memory 
location  Y with  contents  of  the  acc 

245 

lOR 

A V(Y)^A 

Logically  Inclusive  OR  the  contents  of 
memory  location  Y with  contents  of 
the  acc 

246 

XOR 

A + (Y)-<-A 

Logically  Exclusive  OR  the  contents  of 
memory  location  Y with  contents  of 
the  acc 

247 

COM 

A A 

Logically  (I’s)  complement  the 
contents  of  the  acc 

250 

ADD 

A + (Y)-^A 

Add  the  contents  of  memory  location 

Y to  the  contents  of  the  acc 

251  ^ 

SUB 

A-(Y)^A 

Subtract  the  contents  of  memory 
location  Y from  the  contents  of  the 
acc,  leaving  a 2’s  complement  result 

252 

INC 

A + 1 -^A 

Add  1 to  the  contents  of  the  acc 

253 

DEC 

A - 1 A 

Subtract  1 from  the  contents  of  the  acc 

254 

.255 

CLA 

0->A 

Not  used 

Set  the  contents  of  the  acc  to  zero 

256 

257 

SMC 

Not  used 

Set  MOS  clock 
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OPCODEg 

MNEMONIC 

FUNCTION 

DESCRIPTION 

260 

MPR  (Y) 

Y MP  Register 

Enable  memory  protect  for  the  4k 
blocks  of  memory  for  which  those 
bits  in  Y are  set.  Y is  from  front- 
panel  bits  18  to  0 

261 

TRAX{x) 

A-Rx 

Contents  of  acc  are  copied  into  index 
register 

262 

TRXA(x) 

Rx^A 

Contents  of  index  register  are  copied 
into  acc 

263 

PUSH 

A^(S) 

S+  I ->  S 

Contents  of  acc  are  copied  onto  top 
of  stack  and  stack  pointer  is  incremented 

264 

POP 

((S))->A 

S-  1 S 

Contents  of  top  of  stack  are  copied  into 
acc  and  stack  pointer  is  decremented 

265 

LDAC 

Y->A 

Load  Y into  acc 

266 

ADDC 

A + Y->A 

Add  Y to  acc 

267 

SUBC 

A- Y-^A 

Subtract  Y from  acc 

270 

CAPE 

Capture  line 

Capture  one  line  from  the  video  scanner 
for  the  number  of  words  specified  by  the 
contents  of  R-y  and  store  at  address  specified 
by  Y.  R2  must  be  previously  set  to  R-,  = 7 

Ry  = number  of  words  - 1 

271 

OUTV(x) 

Output  video 

Place  one  video  record  on  tape  channel  x. 

Data  begin  at  location  Y in  memory  and 
continue  for  the  number  of  words  specified 
by  the  contents  of  R^.  Requires  the 
constant  7 to  be  in  R2  and  77  to  be  in 

272 

Not  used 

273 

INPT(x) 

Read  tape  buffer 

Transfer  a data  block  from  channel  x to  a 
buffer  beginning  at  location  specified  by 
the  contents  of  R^ 

274 

OUTT(x) 

Write  tape  buffer 

Transfer  to  channel  x the  contents  of  a buffer 
beginning  at  location  Y and  ending  at  location 
Y+  BS 

275 

INP(x) 

(I/O  ch)^^Y 

Input  one  word  on  I/O  channel  x to 
memory  location  Y 

276 

OUT(x) 

(Y)^l/0  ch^ 

Output  one  word  from  memory  location 

Y on  I/O  channel  x 

277 

SlOC(x) 

Skip  on  I/O 
condition 

If  I/O  condition  x is  satisfied,  then  skip 
next  instruction 
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I/O  channels: 


_x  device 

0 none 

J none 

2 Versatec  printer/plotter 

3  none 

4 none 

5  RS232. 9600  baud 

6 Magnetic  tape  unit 

7  IEEE  488  GPIB  which  includes 

Tektronix  405 1 graphic  system 
Digital  Image  Analyzer 
Hardware  Illumination  Corrector 

SIOC  functions 

function 

00  none  (skip  always) 

LQ TERMINAL  DATA  READY 


20 

30 

TERMINAL  BUSY 

File  Mark 

o o 

Scanner  Data  Available 

ACDS  (accept  data  state) 

60 

LACS  (Listener  active  state) 

70 

t^iate 

01 

tj^  data 

11 

RSV  (request  for  service) 

21 

EOI  (end  or  identify) 

The  following  instructions  are  not  normally  recognized  as  opcodes  but  may  be  used 


OPCODE 

FUNCTIONS 

COMMENTS 

006 

EXAMINE 

(FP)->R7;((R7))^  Display 

007 

EXAMINE  NEXT 

Ry  + 1 -^R-.;(Ry)) -♦Display 

017 

FETCH 

(equivalent  to  NOP) 

030 

DEPOSIT 

(FP)*  -♦(Ry);  Examine  Next 

135 

SET  AC 

(FP)->A 

137 

SETR„ 

(FP)->Rn** 

175 

DISPLAY  AC 

(A)  -♦  Display 

177 

DISPLAY 

(R„)**  ^Display 

000 

FAULT 

363 

BOOT 

362 

INTERRUPT 

* FP  = front-panel  data  switches 

♦ ♦ n is  10-position  lever  switch;  accumulator  value  is  lost  when  used  in  this  mode 


OPERATION 

The  MCU  can  currently  be  operated  either  from  its  own  front  panel  or  in  an  inter- 
active environment  with  a Tektronix  4051  Graphic  System.  The  MCU  can  always  be 
operated  from  the  front  panel  but  can  only  be  operated  from  the  4051  alter  the  appropriate 
software  has  been  loaded  into  program  memory.  Generally,  the  front  panel  is  used  only 
for  debugging  software  and  hardware,  but  it  may  also  b»>  used  to  enter  and  edit  programs. 


PROGRAM  ENTRY  AND  EDITING 

Programs  may  be  entered  and  edited  via  the  front  panel  by  using  the  EXAMINE 
and  DEPOSIT  instructions.  The  memory  location  at  which  the  program  is  to  reside  is  set 
in  the  low-order  16  bits  of  the  front-panel  switch  register,  and  the  EXAMINE  opcode 
(006g)  in  the  high-  ■ -cr  9 bits.  The  front-panel-fetch  (fpf)  bit  is  set  to  1 and  STEP  MACRO 
is  pressed.  The  front-panel  octal  displays  will  then  show  the  current  contents  of  the  specified 
memory  location.  If  the  contents  are  as  required,  the  EXAMINE  NEXT  opcode  (007g)  is 
set  and  STEP  MACRO  pressed,  displaying  the  contents  of  the  next  memory  location,  tf 
the  examined  contents  are  not  as  required,  the  proper  data  are  set  in  the  switch  register  and 
DEPOSIT  is  pressed,  which  causes  the  switch  register  contents  to  be  placed  in  the  currently 
examined  location  and  the  contents  of  the  next  location  to  be  displayed.  At  this  time, 
one  of  four  operations  can  be  performed : ( 1 ) set  a new  value  in  the  switch  register  and 
DEPOSIT  as  before,  (2)  set  EXAMINE  NEXT  opcode  and  fpf  bit  and  STEP  MACRO  to 
examine  the  next  location,  (3)  set  EXAMINE  opcode  and  fpf  bit  as  well  as  a new  address 
and  STEP  MACRO  to  examine  a different  area  of  memory,  or  (4)  discontinue  the 
EXAMINE/DEPOSIT  sequence. 


i 
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This  process  is  quite  tedious,  and  progratn  entry  and  editing  are  accomplished  much 
more  easily  by  use  of  the  interactive  MONITOR.  This  method  is  therefore  reserved  primarily 
for  modification  of  individual  memory  locations  during  program  e'cecution. 

MODE  CONTROL  BUTTONS 

In  order  to  provide  for  manual  control  of  program  execution,  four  mode  control 
buttons  are  provided  on  the  front  panel.  Two  step  controls,  a repeat  function,  and  a run 
button  provide  an  operator  with  versatile  control  of  program  execution.  Testing  and 
debugging  can  be  done  at  the  macrolevel  or  at  the  microlevel.  In  the  instruction  hierarchy, 
macroinstructions  fetched  from  memory  by  use  of  the  program  counter  (Rq)  are  implement- 
ed as  sequences  of  microinstructions.  In  normal  operation  the  contents  of  Rq  are  used  by 
the  fetch  sequence  as  an  address  for  a memory  read  operation.  The  data  fetched  from 
memory  become  the  macroinstruction  to  be  executed.  The  high-order  bits  of  the  data  from 
memory  (the  opcode)  are  loaded  into  the  micromemory  address  sequencer  at  the  end  of 
the  fetch  operation.  The  macroinstruction  is  then  executed  in  the  microcode  with  the  last 
microinstruction  returning  microlevel  control  to  the  fetch  sequence.  The  program  counter 
(Rq)  is  incremented  in  order  to  fetch  the  next  instruction  or  is  loaded  by  a jump,  branch, 
or  skip  instruction. 

The  two  step  buttons  are  used  for  program  testing  and  debugging  at  either  the 
macrolevel  or  the  microlevel.  If  STEP  MICRO  is  selected,  each  touch  of  the  STEP  MICRO 
button  will  pass  one  system  clock  pulse,  which  allows  the  execution  of  a single  microinstruc- 
tion. In  this  way  microroutines  may  be  executed  one  step  at  a time.  The  STEP  MACRO 
button  enables  one  complete  fetch/execute  cycle.  Therefore,  typical  machine  language 
programs  may  be  executed  one  step  at  a time  for  macroprogram  debugging  purposes. 
Incorporated  into  the  microcode  is  a display  of  the  accumulator  contents  whenever  they 
are  modified  and  the  STEP  MACRO  mode  button  is  active.  This  is  designed  as  an  aid  to 
simplify  debugging  operations.  The  REPEAT  button  is  used  in  conjunction  with  either 
step  button  or  the  RUN  button  as  a further  aid  to  microlevel  o’-  macrolevel  testing.  If 
STEP  MICRO  and  REPEAT  are  selected  simultaneously,  the  clock  pulse  to  the  3001 
microcoiitrol  unit  will  be  inhibited.  Each  time  the  STEP  MICRO  button  is  touched,  therefore, 
the  same  microinstruction  will  be  executed.  The  entire  system  performs  normally,  with 
the  exception  of  the  3001  microcontrol  unit.  Similarly,  if  REPEAT  and  STEP  MACRO  are 
selected,  the  increment  of  the  program  counter  (Rg)  will  be  inhibited.  The  same  micro- 
routine will  be  fetched  and  executed  each  time  the  STEP  MACRO  button  is  touched. 

Since  these  step  functions  occur  on  a single-shot  basis,  they  are  not  observable  by  test 
equipment  requiring  repetitive  waveforms.  The  RUN  button  may  be  used  in  conjunction 
with  the  step/repeat  functions  in  the  following  manner.  If  either  step/repeat  function  has 
been  selected  and  the  RUN  button  is  touched,  the  system  will  repetitively  execute  a single 
microinstruction  or  a single  macroinstruction.  Test  equipment  such  as  oscilloscopes,  wave- 
form monitors,  counters,  and  logic  analyzers  may  then  be  used  to  verify  proper  system 
operation  at  the  signal  level. 
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INTERACTIVE  OPERATIONS 

Because  the  entire  macroinstrur.ion  set  is  available  and  instructions  may  be  executed 
one  at  a time  from  the  front  panel,  the  MCU  may  be  operated  entirely  from  the  front 
panel.  As  mentioned,  however,  this  mode  of  operation  is  quite  tedious  and  extremely  time- 
consuming.  For  this  reason,  a software  system  MONITOR  has  been  developed  in  order 
to  allow  the  MCU  users  to  operate  the  entire  system  using  high-level  English-oriented 
commands.  The  following  is  a description  of  the  operation  of  the  MCU  MONITOR. 

System  power-up  is  designed  to  be  very  simple,  accomplished  primarily  by  pressing 
a few  buttons.  First,  insert  the  4051  Terminal  Executive  magnetic  tape  cartridge  into  the 
405 1 tape  drive  and  press  AUTOLOAD.  When  a message  is  displayed  on  the  405 1 screen, 
press  user-definable  key  (UDK)  1.  The  4051  software  monitor  is  now  active.  Next,  position 
the  Kennedy  tape  units  at  load  point  with  a program  tape  on  unit  1 , set  MCU  front-panel 
switches  to  all  O’s  and  press  BOOTSTRAP.  When  the  tapes  stop,  the  memory  controller 
software  MONITOR  is  active.  These  operations  cause  the  first  logical  file  on  each  tape 
to  be  loaded  into  program  memories  (4051  and  MCU,  respectively)  and  interactive 
operation  to  commence. 

The  MCU  and  the  405 1 are  each  capable  of  executing  programs  completely 
independently.  The  4051  is  a self-contained  system  including  I/O,  but  the  MCU  has  no  .self- 
contained  high-level  input  capability.  For  this  reason,  the  two  devices  are  programmed  and 
connected  in  an  interactive  environment.  As  a result,  the  4051  can  be  used  to  issue  commands 
to  the  MCU  following  which  each  device  may  execute  its  own  programs,  which  may  be 
completely  unrelated  and  may  take  seconds,  minutes,  or  hours  to  complete.  The  primary 
reason  for  this  organization  is  that  system  users  may  enter  high-level  English-oriented 
commands  rather  than  a complex  sequence  of  machine-level  commands. 

Features  of  this  system  include  an  “operation  complete”  response  to  the  user, 
extensive  error  test  and  recovery  both  for  equipment  error  and  operator  error,  peripheral 
device  commands  which  simplify  such  operations  as  saving  programs  and  tables  on  magnetic 
tape  and  retrieving  them  from  tape,  and  interrupt  capability  which  allows  an  external  device 
to  signal  the  control  system  that  some  operation  is  required  by  the  device. 

An  important  function  of  the  MONITOR,  which  is  not  a command  in  itself  but 
which  makes  use  of  MONITOR  commands,  is  Inspect  and  Change.  This  function  is  a 
keyboard  equivalent  of  the  front-panel  program  entry  and  editing  operations.  Table  A8 
is  a list  of  the  major  MONITOR  commands. 
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TABLE  A8.  MCU  MONITOR  COMMAND  SUMMARY. 

Retrieves  the  value  of  a specified  memory  location  for  display 
on  the  405 1 


STORE 

GOTO 


WRITE 


READ 

REWIND  ' 

POSITION 

SBK 

SFK 

BBK 

BFK 

FILEMARK 

MOVE 

DISPLAY 


SEARCH 


Saves  a specified  data  value  in  a specified  memory  location 

Causes  program  execution  in  the  MCU  to  switch  from  MONITOR 
to  a special-purpose  program.  Wlien  execution  is  complete,  the 
program  must  return  control  to  MONITOR. 

Places  on  magnetic  tape  a single  logical  record  consisting  of  the 
data  occupying  a specified  block  of  memory  locations 

Places  in  a specified  location  of  memory  the  contents  of  a single 
logical  record  off  magnetic  tape 


A combination  of  these  instructions  positions  magnetic  tape 
unit  at  any  desired  location  (file  and  record) 


Places  a filemark  on  magnetic  tape 

Transfers  a block  of  data  from  one  set  of  memory  locations 
to  another 

Displays  a specified  440-line  by  432-pel  segment  of  an  image  from 
tape  on  a video  monitor 

Allows  selective  examination  and  modification  of  a block  of 
memory  based  on  a specified  bit  pattern 


1 
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RESULTS 

The  Image  Capture  and  Analysis  System  (ICAS)  is  presently  undergoing  a major 
upgrading  process.  The  actual  demonstration  of  the  new  performance  goals  cannot  be 
made  until  all  modifications  are  incorporated  and  debugged.  Insofar  as  possible,  all 
modifications  to  the  ICAS  will  be  accomplished  in  a manner  and  a time  sequence  such  as 
to  minimize  system  downtime.  There  will  be  changeover  periods  throughout  the  upgrade 
during  which  the  equipment  will  be  inoperable.  The  results  of  the  system  upgrade  can 
best  be  defined  by  comparing  the  specifications  of  the  FY76  and  FY77  configurations 
(table  A9). 
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TABLE  A9.  ICAS  SPECIFICATIONS. 


CONCLUSIONS 


1 . The  upgraded  ICAS  will  provide  the  capability  for  many  tests  not  possible 
with  the  FY76  configuration  as  shown  in  table  A 10. 

2.  The  new  capabilities  will  include: 

a.  Capture  of  a full  page  of  data  at  a 20-page-per-second  rate. 

b.  Operation  in  the  time-delay  integration  (TDl)  mode  with  a four-channel 

imager. 

c.  High-speed  operations  on  data  in  the  full-page  Frame-Store  Memory. 

d.  High-speed  transfers  of  data  between  the  Frame-Store  Memory  and  Tapes. 

e.  With  a properly  designed  personality  module,  operation  at  84  megapels  per 
second  from  a single  sensor  source. 


TABLI-:  AlO.  ICAS  TYPICAL  TLST  ACCOMMODATED. 
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Scanner  Tests 

llluniinalion  requirements 

Dynamic  range 

Signal  quality  vs  shift  rate 

Signal  quality  vs  clock  noise 

Abutment  problem  approaches 

Signal  quality  vs  copy  velocity 

Signal  quality  vs  illumination  color 

Resolution  requirement  subjective  evaluation 

Time  delay  integration  tests 

Image  Analyzer  Tests 

Threshold  detection  studies 
Dynamic  range  analysis 
Dynamic  range  vs  illumination  color 
Run  length  compression  studies 

Analog-to-Digital  Converter  Tests 

Preamp  level  control 
Preamp  gain  control 
Sample-and-hold  circuit  studies 
A/D  signal-to-noise  vs  speed 
Grey  scale  reduction  effects 
Nonlinear  converter  studies 

Frame-Store  Memory  and  Display  Tests 

Edge  enhancement  techniques 

Acquisition  rate  evaluation 

Image  data  reconfiguration  studies 

Line  rate/frame  rate  studies 

Interlace  vs  noninteriace  studies 

Evaluate  approppaie  compression  algorithms 

Evaluate  appropriate  enhancement  algorithms 
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INTRODUCTION 

In  March  1977  the  USPS  Design  Division  was  invited  to  participate  in  an  investi- 
gation of' imaging  resolution  parameters  for  the  Hlectronic  Message  Service  System  (HMSS) 
hy  the  RCA,  Camden,  PMSS  Program  Office.  After  studying  the  requirements,  it  was 
determined  that  the  NOSC  Image  Capture  and  Analysis  System  (ICAS)  could  be  readily 
upgraded  to  perform  the  image  acquisitions  required. 

Since  the  experiment  required  significant  manpower,  NOSC  was  allowed  to 
substitute  this  data  acquisition  and  a descriptive  report  for  the  advanced  image  enhance- 
ment work  which  would  otherwise  have  been  undertaken  during  this  period. 

At  the  time  of  this  writing,  most  of  the  hard-copy  prints  to  be  made  from  the  tape 
data  have  not  been  completed.  Considerable  data  are  now  available  covering  the  prepara- 
tion of  the  test  bed,  the  actual  acquisition  of  the  images,  and  the  correction  and  formatting 
of  the  results.  These  portions  of  the  task  will  be  reported  at  this  time.  The  images  and  a 
discussion  of  the  results  will  be  published  as  soon  as  the  actual  images  are  available. 


SPECIFIC  TEST  OBJECTIVE 


The  specific  objective  of  this  study  was  to  provide  the  high-quality  digitized  images 
to  RCA,  Camden,  in  support  of  one  of  the  RCA  EMSS  tasks  which  pertains  to  the  determina- 
tion of  resolutions  which  should  be  specified  when  the  graphic  scan  mode  of  the  system  is 
used. 

RCA  cites  the  rationale  for  the  tests.  This  is  quoted  as  follows:  ’’There  are  three 
major  reasons  for  this.  First,  a major  aspect  of  the  RCA  task  is  to  tap  the  subjective  judge- 
ment of  realistic  potential  users,  and  requires  that  full-page  document  samples  be  avail- 
able for  evaluation  in  order  to  provide  a realistic  overall  impression  to  the  judge.  Second, 
it  is  important  to  simulate  a wider  range  of  resolution  values,  and  with  closer-spaced  steps, 
than  available  from  other  work.  A third  consideration  is  that  the  scanning  and  reproducing 
mechanisms  should  be  known,  controlled,  and  as  representative  of  actual  potential  FMS 
processes  as  possible.” 


IMAGES  TO  BE  SCANNED 

A set  of  nine  master  documents  sent  to  NOSC  was  to  provide  the  subjects  for  the 
tests.  These  are  included  here  as  figures  B1  through  B9.  RCA  feels  that  this  set  contains 
the  range  of  types  of  information  which  may  be  typical  of  the  bilevel  (black  and  white) 
images  to  be  transmitted.  They  include  typed,  handwritten,  and  graphic  images.  The 
designators  assigned  to  the  samples  are  as  tabulated  below. 


Figure 

Designator 

Descriptor 

B1 

A-1 

FLASH  FLASH  FLASH  S 

B2 

A-2 

FOUR  NEWSPAPER  ADS 

B3 

C-1 

LETTER  FROM  SANYO  TO  ELEC  T 

B4 

C-2 

RCA  LETTER  FROM  REGAN  TO  HA'l’M  S 

B5 

C-3 

HANDWRITTEN  LETTER 

B6 

T-1 

D.C.  HEATH  & CO. 

B7 

T-2 

RCA  FORM 

B8 

T-3 

NEW  H.\MPSHIRE  BALL  BEARING 

B9 

S 

FINE  TYPE,  GRAPHICS,  ETC 

RESOLUTIONS  TO  BE  CAPTURED 

The  scan  densities  (resolutions)  requested  by  RCA  ranged  from  1 20  by  1 20  pels 
per  inch  to  600  by  600  pels  per  inch  in  a ratio  of  increasing  scan  densities  api^roximatiiig 
steps.  The  closest  convenient  values  from  the  standpoint  of  accuracy  control 
turned  out  to  be  120,  160,  200,  240,  300,  400,  480,  and  600  pels  per  inch  in  both 
dimensions.  All  images  were  captured  by  allowing  6 bits  per  pel  for  the  64  possible 
brightness  levels. 
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FLASH! 


FLASH! 


FLASH! 


UNITED  BUYING  SERVICE 
OF  PHILADELPHIA,  INC. 


427  CHESTNUT  STREET  PHILADELPHIA,  PA.  19106 
(215)  MA  7-4723 

$$$$$$$$  $$$$$$$$ 
TREMENDOUS  SAVINGS  FOR  YOU 

Sunday,  January  26,  1975  - 10  AM  to  5 PM 
Monday,  January  27, 1975  - 9 AM  to  8 PM 


Once  again  we  are  pleased  to  announce  a Private  Two  Day  Sale 
with  our  wholesale  Furniture  Distributor! 

You  can  save  money  on  many  of  the  finest  names  in  Nationally 
Advertised  Furniture,  displayed  in  a magnificent  160,000  sq. 
ft.  showroom. 

Don't  pass  up  this  special  Two  Day  offer,  closed  to  the  public, 
but  opened  to  members  of  United  Buying  Service. 

A Purchase  Certificate  is  necessary  to  gain  admittance  to  our 
FABULOUR  FURNITURE  SALE  on  Sunday,  Jan  26  from 
10  AM  to  5 PM,  or  on  Monday,  Jan.  27  from  9 AM  to  8 PM. 

CONTACT  OUR  OFFICE  TODAY  - TREMENDOUS 
SAVINGS  CAN  BE  YOURSfl 


Figure  BI.  Sample  A- 1 . 


DELAIR  TRUCKING  CO. 


rue  A-«4907 


I RE  9-3828  Open  24  J4our^  RE  9-1102 

PICK  UP  ond  DELIVERY 

WAREHOUSING  A LOCAL  CARTAGE  ★ COMPLETE  DISTRIBUTION 


1701  N.  DEUWARE 


PHILADELPHIA,  PENNSYLVANIA  19125 


EMANUEL’S  EXPRESS 

Ml  C.  T.w.thir  Um  U,  Klrklyi,  1M» 

1^  215-528-6140 


LOCAL  CARTAGE 

PHILADELPHIA  • CAMDEN  • DELAWARE  COUNTY 


80  Years  Serving 

PHILADELPHIA  AND 
NEARBY  NEW  JERSEY 
Call  215-425-6300 


S42  E.  LYCOMING  STREET 
PHILADELPHIA,  PA.  19124 


SINCE  1196 


1 A I nkir  , 
I \L-UML  ^ 


PUC-A  91657 


ICC  MC  17355 


P.  F.  McDADE  AND  SON,  Inc. 


LOCAL 

HAULING 


GENERAL 

COMMODITIES 


SR-75-059 


SANYO 


March  14,  1975 


SANYO  ELECTRIC  INC. 

51  JOSEPH  STREET 
MOONACHIE,  N.J.  07074 
Phone  (201)641-2333 


Advanced  Technology  Laboratories 
Camden,  New  Jersey 

Dear  Sir: 

I am  very  much  interested  in  your  Non-Impact 
Technical  Line  Printer. 


If  possible,  please  send  me  this  information 
or  literature  at  your  earliest  convenience. 


Thank  you. 


Very  truly  yours. 


SANYO  ELECTRIC  INC. 


0.  Suzuki 

Engineering  Representative 


Figure  B3.  Sample  C-1. 


Mr.  H.  E.  Haynes 
RCA  Corporation 
Marne  Highway 

Moorestown,  New  Jersey  08057 


Dear  Harold: 


IlCil 


May  28.  1974 


1 am  enclosing  a photograph  showing  your  award  presentation  at 
the  March  Inventors  Recognition  Dinner  which  I thought  you  might 
be  pleased  to  have. 

I was  delighted  that  you  were  able  to  attend  this  affair  and  I 
hope  that  any  future  affair  will  he  as  enjoyable. 

Best  reg^ds, 

J.  V.  Wgarf 


Figure  B4.  Sample  C-2. 
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Figure  B5.  Sample  C-3. 


FROM:  D.C.  HEATH  & CO 

TO:  Bcyell,  Roger  L. 

Govt.  & Convn.  Systems 
RCA  Corp. 

Moores town,  N.J. 


DATE 

03-06-5 

INVOICE:  510461-0 
ACC:  1151845 

SHIP  1-161643 


Bestway  Prepaid 


Ouant.  Ouant.  Cat. 

Ordered  Shipped  No. 


Unit 

Price  Amount 


I 095935  Sonar  & Underwater  Sound  13.00  13.00 


Transportation  & Handling 


Sales  Tax 


Remit  to  D.C.  Heath  & co. 
P.O.  Box  3191 
Boston.  Mass.  02241 


Figure  B6.  Sample  T-1. 
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Figure  B-9.  Sample  S. 
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ICAS  PREPARATIONS 

There  were  two  areas  within  the  ICAS  which  required  upgrading  in  order  to 
accommodate  the  variable  resolution  tests.  RCA  originally  requested  scan  densities  of  1 20, 
160,  200,  250,  320,  390,  490,  and  600  and  recommended  a tolerance  limit  of  ±3%  on 
these  values.  It  was  later  determined  that  the  scan  density  values  were  somewhat  flexible, 
but  the  tolerance  was  felt  to  be  important.  It  was  therefore  necessary  to  instrument  the 
ICAS  to  ensure  that  the  tolerance  could  be  consistently  verified  during  the  tests.  The 
accuracy  of  scan  in  the  direction  of  copy  motion  is  a function  of  the  relationship  of  the 
Baldwin  angular  encoder  output  to  the  actual  incremental  motion  of  the  copy.  Therefore, 
modifications  to  the  test  bed  needed  consideration.  The  accuracy  of  scan  across  the 
documents  is  a function  of  lens  parameters  and  object-to-image  distance.  Therefore, 
considerations  of  a test  target  and  software  calibration  procedure  were  required. 


LARGE  DRUM  TEST  BED  PREPARATIONS 

The  greatest  concern  involving  the  Large  Drum  Test  Bed  (LDTB)  modifications 
was  related  to  improving  the  resolution  of  the  Baldwin  encoder  with  respect  to  the  incre- 
mental copy  motion.  Also,  the  actual  speed  of  the  drum  required  careful  control  in  order 
to  obtain  the  maximum  safe  acquisition  speed  without  exceeding  the  allowable  rate  of 
transfer  of  data  to  the  Kennedy  tape  deck.  It  was  felt  that  sufficient  illumination  was 
available  for  the  tests,  but  considerations  would  be  required  to  ensure  consistency  of 
integration  time  and  minimization  of  smear  at  the  lower  resolutions. 


EXISTING  DRUM  DESIGN 

The  source  of  the  incremental  marks  representing  the  0.005-inch  advancement  of 
the  copy  on  the  40.96-inch-circumference  drum  was  the  positive-going  edge  of  one  of  the 
two  quadrature  square  wave  outputs  from  the  Baldwin  encoder.  Since  this  provided  only 
200  pels  per  inch  and  a combination  of  all  four  rising  and  falling  edges  of  both  tracks 
only  produced  800  pels  per  inch  with  no  convenient  way  of  producing  even  spacing  at 
600  pels  per  inch  and  some  of  the  other  desired  values,  it  was  decided  to  try  the  relative 
rotation  of  the  main  scanning  drum  and  the  Baldwin  encoder  by  using  a pair  of  pulleys 
and  a neoprene  belt. 

The  LDTB  was  configured  as  shown  in  figure  BIO.  The  small,  low-speed  synchronous 
drive  motor,  which  rotates  at  0.5  rev/min,  was  belt-driven  directly  to  the  main  scanning  drum 
shaft.  If  further  reduction  in  drum  speed  was  required  for  the  higher-resolution  tests,  the 
power  train  included  an  idler  and  pair  of  speed-reducing  pulleys.  The  ratio  of  angular 
movement  of  the  main  scanning  drum  and  the  Baldwin  encoder  could  be  chosen  by 
selecting  various  ratios  of  pulley  diameters. 

The  nomin^  motion  ratio  was  very  good  at  all  values.  Experimentation  showed 
that  with  0.  r875-inch  neoprene  belt  material  very  accurate  ratios  can  be  predicted  by 
turning  the  diameter  of  the  bottom  of  the  V-groove  0.137  inch  less  than  the  calculated 
diameter. 
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Figure  BIO.  Variable  resolution  with  existing  drum  design. 


The  parts  were  then  fabricated,  mounted,  and  tested.  The  values  of  instantaneous 
velocity  of  the  encoder  were  extremely  nonuniform.  In  some  instances  the  variation  was  as 
much  as  100  to  1 when  the  interval  between  encoder  outputs  was  displayed  on  an 
oscilloscope. 

It  was  felt  that  the  motion  of  the  high-inertia  drum  was  much  more  uniform,  but 
there  was  no  way  to  instrument  a verification  test.  In  addition,  the  command  to  scan  a 
line  was  made  directly  from  the  encoder  outputs,  which  would  lead  to  nonuniform  spacing 
in  the  line  acquisitions. 

An  attempt  was  made  to  reduce  the  “stiction”  in  the  encoder  bearing.  The  bear- 
ings were  removed,  cleaned,  and  reassembled.  This  improved  performance  of  the  equip- 
ment but  not  enough  to  justify  the  approach.  The  manufacturer  stated  that  the  bearings 
used  were  class  7 (as  were  the  bearings  used  on  the  main  scanner  drum  shaft).  The  encoder 
bearings  are  highly  loaded  and  cannot  be  relieved  without  degrading  the  performance. 

Since  the  approach  was  considered  unworkable,  it  was  dropped  in  favor  of  the  altemptive 
described  in  the  following  section. 
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NEW  DRUM  DESIGN 


A strategy  exploiting  the  use  of  smaller  drum  diameter  and  returning  the  Baldwin 
encoder  to  the  main  shaft  was  investigated.  The  small  drum  test  bed  (SDTB)  has  a drum 
which  is  12  inches  in  circumference.  This  candidate  diameter  of  3.820  inches  and  two 
others  were  considered.  The  other  two  choices  were  two-thirds  and  one-third  of  the 
diameter  of  the  main  scanner  drum.  The  SDTB  drum  was  eliminated  from  the  choices 
because  the  1 2-inch  circumference  when  divided  into  8 1 92  increments  would  yield  multi- 
ples of  0.001464-inch  steps,  which  would  lead  to  odd  values  of  scan  densities  acquired. 

Table  B1  shows  the  relationships  of  resolution  values  available  for  the  main  scanner 
drum  and  the  two  others.  The  main  scanner  drum  was  eliminated  immediately  because 
a scan  density  of  600  pels  per  inch  could  not  be  acquired  with  such  a drum. 


TABLE  B1 . BALDWIN  ENCODER  OUTPUTS. 


TRACK  2 


12  3456789  1011  12  13  14  15  16  17  18  19  20 
ABCDEFGHI  JKLMNOPQRSTU 


RCA  Requested 
Values 


The  table  also  indicates  that  the  drum  having  a diameter  of  8.692  inches  cannot  be 
used  to  produce  a scanning  density  of  480  pels  per  inch.  Therefore,  it  was  also  eliminated. 

The  4.346-inch-diameter  drum  provided  choices  of  scan  densities  as  shown  in  the 
third  column  from  the  left  in  the  table.  The  values  originally  suggested  by  RCA  are  shown 
in  the  next  column.  Tlie  last  column  shows  some  arbitrary  values  generated  by  stating  a de- 
sire to  have  four  intermediate  scan  density  sampies  between  resolutions  of  200  and  600  pels 
per  inch.  This  produces  a ratio  of  ^ /T"  between  equal  geometrically  related  steps.  By 
comparing  columns  3,  4,  and  5 the  clioices  underlined  in  column  3 appear  to  be  highly  satis- 
factory. 


ENCODER  BUFFER  CIRCUIT 

Previous  scanning  experiments  at  resolutions  of  200  by  200  pels  per  inch  only  re- 
quired a positive-going-edge  signal  from  one  of  the  two  quadrature  tracks.  The  present  stra- 
tegy requires  the  use  of  both  rising  and  falling  edges,  both  tracks.  The  technique  for  accom- 
plishing the  combination  and  pulse  generation  is  shown  in  figure  B1 1 . 
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Figure  B1 1 . Clock  track  pulse  generator  logic  diagram. 

The  resulting  set  of  unmodified  pulses  is  capable  of  defining  a resolution  of  2400  pels 
per  inch  with  the  4.346-inch-diameter  drum.  With  other  drum  diameters,  other  resolutions 
can  be  obtained  with  the  same  pulse  stream.  In  order  to  reduce  the  resolution  of  the  acquired 
image  acquisition,  it  is  necessary  to  count  down  the  pulse  stream  frequency.  Allowing  every 
other  pulse  to  pass  (a  2: 1 divider),  the  resolution  drops  to  1 200  pels  per  inch.  Allowing 
every  third  pulse  to  pass  (a  3:1  divider)  reduces  the  resolution  to  800  pels  per  inch. 
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Figure  B 1 2 sliows  a logic  diagram  and  a table  of  values  for  a count-down  circuit  which 
divides  down  as  far  as  20: 1 , v\  hich  produces  a resolution  of  1 20  pels  per  inch.  Lower  resolu- 
tion requirements  present  no  problem,  since  the  software  programs  can  be  used  to  combine 
groups  of  pels  in  2-by-2,  3-by-3,  or  larger  groups  which  can  be  averaged  to  represent  a single 
large  pel.  It  should  be  pointed  out  that  nonuniform  resolution  images  such  as  200  by  400 
pels  per  inch  can  be  generated  with  software  programs. 

PULLEY  COMBINATIONS 

Data  acquired  for  full-page  images  must  be  stored  on  magnetic  tape,  since  the  single 
module  of  semiconductor  frame-store  memory  (FSM)  has  insufficient  capacity  for  all  the 
data.  The  acceptance  of  one  scan  line  by  the  ICAS  is  divided  into  three  parts.  The  first  part 
is  the  transfer  of  the  1 728  pels  from  the  imager  to  the  FSM.  This  is  done  by  packing 
sequences  of  eight  6-bit  pels  into  48-bit  words  in  the  Memory  Control  Unit  (MCU)  and 
storing  the  string  of  words  into  the  FSM  until  a full  scan  line  is  acquired. 

The  second  part  of  the  storage  process  is  the  transfer  of  the  composed  line  of  data  to 
the  tape  unit  under  the  synchronization  of  the  Format  Control  Unit  (FCU).  A line 
number  designation  is  sent  as  a header  for  each  line  transmitted. 

The  final  part  of  a line  storage  is  the  introduction  of  an  interrecord  gap  between  lines. 
The  entire  process  requires  about  50  milliseconds  per  line  of  data,  regardless  of  resolution. 

Because  of  the  stiction  of  some  bearings  there  is  a certain  amount  of  irregularity  to 
the  speed  of  rotation  at  the  low  speeds  required  for  capture.  For  this  reason  a safety  factor 
has  been  added  to  the  line  acquisition  rate  and  a time  of  100  milliseconds  has  been  selected  as 
the  time  allotted  per  line.  This  means  that  any  drum  rotational  speed  which  provides  10  or 
fewer  lines  per  second  is  satisfactory.  Selections  for  the  combinations  of  pulleys  required  for 
each  resolution  have  been  calculated.  Fortunately,  all  the  pulleys  made  for  the  large  existing 
drum  design  could  be  used  with  the  smaller  drum.  No  pulley  was  made  to  accommodate  a 
resolution  of  2400  pels  per  inch  since  this  is  not  a current  USPS/RCA  requirement. 

Annex  A of  this  appendix  contains  the  calculations  for  required  resolutions.  Figure 
B13  shows  the  belt  connections  for  the  RCA  scan  densities. 


ILLUMINATION  MODIFICATIONS 

The  decrease  in  the  drum  diameter  caused  the  image  surface  to  be  displaced  toward 
the  drum  axis  by  about  4.36  inches.  For  this  reason  it  was  necessary  to  move  the 
illumination  source  to  maintain  the  proximity  which  existed  with  the  large  main  scanner 
drum.  This  was  accomplished  by  removing  the  high-speed  motor  temporarily  and  tapping 
four  mounting  holes  in  edges  of  the  horizontal  optical  bench  slab  and  simply  moving  the 
entire  lamphouse  down  the  bench  and  remounting  it. 

During  the  test  the  acquisitions  were  made  without  the  cover  on  the  lamphouse.  It 
was  felt  that  there  was  less  modulation  of  the  total  brightness  at  the  scan  line  due  to  adjacent 
copy  reflection  than  with  the  cover  on.  The  Nikon  lens  used  has  a very  low  flare  coefficient, 
so  it  was  concluded  that  better  images  can  be  obtained  in  this  configuration. 


B-18 


P 


RESOLUTION  DIVIDER  PRESET 

PELS/in  NUMBER 


Resolution  pulse  count  divider. 


CALIBRATION  PROGRAM  GENERATION 


For  the  resolution  test,  four  independently  executable  software  modules  are  required. 
These  modules  are  the  resolution  check  routine,  white  standard  acquisition,  image 
acquisition,  and  correction/analysis. 

The  resolution  check  routine  is  used  in  conjunction  with  a special  target  image  and  is 
used  during  setup  for  verification  of  scan  density. 

The  acquisition  of  the  white  standard  image  is  simply  the  capture  of  16  lines  of  data 
using  a plain  bar  target  of  a uniformly  high-re tlectance  material.  The  use  of  this  to  compen- 
sate for  electro-optical  anomalies  during  the  acquisition  of  images  has  been  described  in  detail 
in  the  previous  program  reports®* . 

The  actual  acquisition  process,  once  the  proper  resolution  setup  lias  been  made,  is 
no  different  from  other  routine  image  acquisitions  made  in  the  past.  These  have  also  been 
described  in  detail  in  reference  B 1 . 

The  correction  and  analysis  software  for  this  test  was  somewhat  different  from  that 
used  in  previous  procedures.  Only  a portion  of  the  image  may  be  needed  by  RCA  for  the 
printing.  For  example,  at  120  pels  per  inch  the  8‘/2-inch  width  can  be  accommodated  by  only 
1020  pels  of  scan  width.  Constants  can  be  entered  into  the  program  to  select  a subset  of  the 
captured  raw  image  for  illumination  correction,  analysis,  and  storage  on  tape. 

The  selected  portion  of  the  image  is  compensated  for  illumination  variations  and  is 
also  analyzed.  The  Digital  Image  Analyzer  (DIA)  is  not  used  for  this  analysis.  Instead,  a 
software  program  is  used  to  produce  the  pel  brightness  statistics  (PBS)  and  first  difference 
statistics  (FDS).  Only  the  portion  of  the  image  recorded  for  RCA  is  included  in  the  analysis. 

There  is  also  additional  software  required  at  this  time  to  reformat  the  stored  image 
data  into  the  RCA-readable  format;  ie,  one  pel  per  tape  character  and  one  line  per  tape 
record.  This  procedure  may  also  split  a corrected  image  or  segment  into  two  equal  portions 
for  placement  on  two  separate  tapes  if  the  segment  is  too  long  for  one  tape. 


®*Sccond  Annual  Repoit.  Advanced  Mail  Systems  Scaniiei  Technology.  NELC  TR  2020.  October  1976. 


SETUP  AND  CALIBRATION  PROCEDURE 


RESOLUTION  TEST  IMAGE 

A special  resolution  target  as  shown  in  figure  B14  is  attached  to  the  drum.  This  test 
chart  contains  black  and  white  bars  at  a resolution  of  10  lines  (5  line  pairs)  per  inch.  It  also 
contains  a resolution  wedge  having  a range  of  about  40  to  600  lines  per  inch.  The  horizontal 
array  of  short  vertical  bars  is  used  to  establish  the  horizontal  resolution  and  focus.  The  ver- 
tical array  of  short  horizontal  bars  is  used  to  verify  vertical  resolution. 


RESOLUTION  ADJUSTMENT 

The  resolution  calibration  software  is  designed  to  capture  an  image  (onto  magnetic- 
tape)  which  corresponds  to  an  area  including  1728  pels  in  width  and  4 inches  in  height.  When 
the  resolution  chart  is  attached  to  the  drum,  the  vertical  portion  of  the  "T”  pattern  is  care- 
fully centered  so  that  the  864th  pel  in  each  line  falls  on  the  stem. 

Once  the  area  image  has  been  stored  on  tape,  (he  procedure  e.xamines  one  1 728-pel 
horizontal  line  approximately  1 /8  inch  from  the  top  of  the  test  image. 

The  next  step  of  the  routine  is  to  search  for  the  first  high  threshold  which  follows  the 
first  low  threshold  beginning  approximately  1 inch  to  the  left  of  the  center  of  the  scanned 
line.  Figure  B14  indicates  the  2-inch  segment  which  is  actually  used  to  determine  the  num- 
ber of  pels  acquired  in  the  sample  interval.  Figure  B1 5 shows  how  the  program  begins  the 
search  for  the  first  real  low-to-high  transition  then  counts  the  pels  received  during  the  next 
10  similar  transitions.  This  digital  hysteresis  loop  has  been  quite  succ  ssful  m avoiding  false 
starts  and  stops  due  to  test  image  blemishes,  dust,  and  electrical  noise.  Ihe  resulting  count 
is  divided  by  two  to  provide  the  number  of  pels  per  inch.  This  number  is  stored  until  the 
vertical  resolution  is  determined. 

A similar  process  is  used  to  provide  a value  of  resolution  in  the  direction  ol  copv 
motion.  A single  pel  from  each  line  (pel  number  864)  is  taken  from  the  tape  and  formatted 
in  an  array  in  the  FSM  by  the  Memory  Control  Unit  (MCU).  Sufficient  samples  are  taken 
to  provide  10  cycles  of  the  black/white  line  pairs  occurring  after  the  first  low-to-high  trans- 
ition of  the  target  column.  As  before,  the  pels  acquired  in  the  10-cycle  interval  are  counted 
and  the  quantity  is  divided  by  two. 

At  the  end  of  these  two  routines,  the  resolution  numbers  are  .sent  to  the  front-panel 
display  of  the  MCU  and  presented  in  octal  form. 


FOCUS  ADJUSTMENT 

There  is  some  interaction  between  resolution  and  focus  adjustment.  Focus  is  obtained 
by  stopping  the  drum  motion  with  a segment  of  the  resolution  test  wedge  in  the  field  of 
view  of  the  imager.  The  output  of  the  preamplifier  is  connected  to  an  oscilloscope  and  pre- 
sented on  the  Y axis  with  the  X axis  synchronized  to  the  line  rate  of  the  imager.  Maximum 
excursion  of  the  Y amplitude  signal  is  obtained  with  optimum  focus.  After  focus  is  obtained. 


Figure  B14.  Resolution  test  target. 
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Figure  B15.  Calibration  video  thresholds. 


the  resolution  check  is  rerun  and  minor  adjustments  are  made  in  the  distance  between  the  I 

imager  and  the  target  as  required.  The  process  of  distance  adjustment,  focus,  and  resolution  ! 

computation  is  repeated  until  focus  and  resolution  are  both  satisfactory.  | 

i 

BRIGHTNESS  LEVELS 

For  usual  tests  at  NOSC,  the  system  is  set  up  in  a “prescan”  mode.  In  the  prescan 
mode,  the  dynamic  range  of  the  illumination  is  set  to  provide  a digital  output  of  all  O’s 
when  the  scanner  is  imaging  on  the  black  felt  “black  standard.”  The  analog  system  gain  is 
set  to  produce  all  I’s  (level  63  decimal)  from  the  A/D  converter  when  the  scanner  is  imag- 
ing on  the  high-reflectance  “white  standard.” 

The  above  adjustment  of  brightness  levels  is  made  for  two  reasons.  First,  the  two 
e.\t:\>mes  chosen  for  the  “black  standard”  and  “white  standard”  ensure  that  all  retlection 
densities  encountered  on  the  test  copy  samples  will  be  accommodated  without  exceeding 
the  limits  of  the  A/D  converter.  Second,  the  use  of  a standard  setup  ensures  that  the  data 

are  based  on  an  absolute  reference  and  that  the  test  can  be  repeated  with  almost  identical  I 

results.  I 

For  this  series  of  resolution  tests,  however,  RCA  has  asked  for  particular  nominal  | 

digital  values  for  the  recorded  levels  of  background  and  information.  In  all  samples,  the  in-  I 

formation  is  dark  on  a lighter  background.  The  background  is  reasonably  uniform  for  all  I 

samples.  However,  the  reflection  density  of  the  information  has  considerable  variation.  | 

For  these  tests,  RCA  has  asked  that  the  nominal  background  brightness  be  recorded  at  level  1 

52  or  greater.  The  nominal  brightness  level  of  the  information  (inks)  averaged  above  level  9.  I 


ACQUISITION  OF  IMAGES 

Once  the  spatial  frequency  and  focus  of  the  test  bed  have  been  established,  all  the 
test  documents  can  be  captured  at  a specific  resolution.  Because  of  the  large  volume  of  data 
involved  in  the  acquisition,  a carefully  sequenced  and  documented  procedure  was  generated 
and  followed. 


RAW  IMAGE  CAPTURE 

The  test  images  received  from  RCA  were  all  one-of-a-kind  original  documents  on  plain 
bond  paper.  Consequently,  they  were  handled  very  carefully  since  they  v/ere  used  at  least 
nine  times,  once  with  each  resolution  setup.  The  test  drum  was  wrapped  with  plain  bond 
paper  extending  both  sideways  and  lengthwise  beyond  the  perimeter  of  the  documents.  The 
copies  were  mounted  as  squarely  as  possible  with  single-sided  transparent  tape.  Care  was 
taken  to  overlap  the  tape  on  the  document  as  little  as  possible  and  to  prevent  smudges  and 
other  cosmetic  defects  on  the  masters.  Care  was  also  taken  to  ensure  the  positional  accu- 
racy of  the  documents  so  that  the  pels  per  line  and  lines  per  page  provided  to  RCA  would 
contain  only  data  from  the  copies  insofar  as  possible. 


Gain  and  level  of  the  preamplifiers  were  set  for  each  document  .so  that  the  nominal 
brightness  levels  of  the  background  and  information  were  52  and  12,  respectively. 


I Fach  document  was  acquired  in  raw  form  in  the  normal  tape  format  used  at  NOSC 

j lor  tape  storage.  This  provides  somewhat  higher-density  packing  than  the  one-character 

(pel)-per-bytc  RCA-compatible  tormat.  The  increase  in  packing  density  improves  the  pos- 
sible tape  acquisition  rate.  The  entire  I 728-peTper-line  output  ol  the  imager  was  stored  on 
the  taix'  during  the  capture.  Nonrelevant  pel  data  were  stripped  from  the  data  during  sub- 
sequent processing. 


SEQUENCE  OF  ACQUIRED  RESOUUTIONS 

Since  the  test  bed  was  already  set  up  for  acquisition  at  a resolution  of  200  by  200 
pels  per  inch,  the  documents  were  initially  scanned  at  this  resolution.  A total  of  2200  lines 
was  acquired  which  encompassed  the  entire  1 1-inch  length  of  the  document.  Segments  from 
each  image  were  displayed  on  the  Conrac  monitor  to  verify  that  the  data  were  acquired 
properly. 

Tlie  next  series  of  acquisitions  was  made  at  a scan  density  of  160  by  160  pels  per 
inch.  Only  1760  lines  of  data  are  required  per  1 1-inch  page.  As  before,  1728  pels  were 
captured  even  though  only  1360  pels  contain  data  pertinent  to  the  test  samples.  Table  B2 
detines  the  image  segment  dimensions  for  all  the  images  acquired. 

A series  of  acquisitions  was  made  at  1 20  by  1 20  pels  per  inch.  Only  1320  lines  were 
needed  and  the  actual  copy  only  required  1024  pels  per  line  to  cover  the  document  width, 
although  the  entire  1 728  pels  per  line  were  again  stored  on  tape  in  the  NOSC  format.  This 
low  resolution  was  just  barely  accommodated  by  the  large  drum  test  bed  (LDTB)  because 
ot  the  relatively  long  distance  from  lens  to  object  when  imaging  with  the  55-mm  lens.  Lower- 
resolution  or  longer-focal-length  lenses  might  require  an  extension  track  and  jumper  cables 
to  increase  the  lens  to  object  distance. 

The  next  in  the  sequence  of  resolutions  to  be  captured  was  240  by  240  pels  per  inch. 
At  this  resolution  it  is  not  possible  to  scan  the  entire  8'/2-inch  page  width  with  a 1728-pel 
imager.  Therefore,  the  images  were  bisected  at  predetermined  cut  points.  The  halves  of  each 
image  were  then  affixed  to  the  drum  and  scanned  sequentially.  The  images  were  rotated  90 
degrees  so  that  the  S'/a-inch  width  of  the  image  could  be  accommodated  by  the  1 728-pel 
imager.  The  8‘/2-inch  length  will  be  available  on  record  by  scanning  2040  lines  each  contain- 
ing 1 728  pels  ( 1 320  pels  required). 

The  same  bisected  images  were  sequentially  remounted  and  scanned  after  the  setup 
for  300-by-300-pel-per-inch  acquisition  was  verified.  At  this  scanning  density,  2550  lines  at 
1728  pels  per  line  were  recorded  (1650  pels  were  required). 

At  the  next  desired  spatial  scanning  frequency,  400  by  400  pels  per  inch,  the  1 728- 
pel  imager  cannot  accommodate  the  5'/2-inch  width  of  the  bisected  page.  It  is  therefore  nec- 
essary to  redivide  the  bisected  image  segments  into  halves.  The  resulting  IVa-  by  8‘/2-inch 
strips  were  then  scanned  across  the  narrow  dimension.  A total  of  3400  lines  of  1 100  pels 
each  was  acquired  to  assure  that  the  necessary  1 100  pels  would  be  available  for  transfer  to 
the  RCA  formatted  tapes. 

The  '4-page  segments  are  sufficiently  narrow  to  allow  acquisition  with  the  1728-pel 
imager  at  the  two  remaining  resolutions,  480  by  480  and  600  by  600  pels  per  inch.  Although 
the  full  I 728-pel  width  was  recorded,  the  '4-page  segments  required  4080  lines  at  1320  pels 
for  the  400  resolution  and  5100  lines  at  1650  pels  for  the  600  resolution.  RCA  requested 
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TABLE  2.  IMAGE  SEGMENT  DIMENSIONS. 


that  these  records  at  the  480  and  600  resolutions  be  further  subdivided  when  recorded  in 
the  RCA  format  so  that  the  limits  of  the  printer  capacity  would  not  be  exceeded.  For  this 
reason  file  marks  were  inserted  after  2040  and  2550  lines  of  record  for  the  tapes  at  480  and 
600  pels  per  inch,  respectively. 
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IMAGE  CORRECTION,  ANALYSIS,  AND  TAPE  REFORMATTING 

Image  correction  is  accomplished  by  utilizing  the  results  of  scanning  the  “white 
standard”  which  were  obtained  at  the  beginning  of  each  setup.  These  responses  prestored 
on  a pel-by-pel  basis  across  the  1728-pel  imager  provide  a series  of  responses  which  can  be 
used  to  provide  at  least  a first-order  correction  factor  for  each  elemental  response  of  the 
imager  to  a uniform  bright  target  under  the  conditions  of  illumination  which  were  used  in 
acquiring  the  test  images.  This  process  has  been  described  in  detail  in  reference  B1 . For 
these  acquisitions,  a set  of  16  lines  was  acquired  across  the  white  standard  target  to  pro- 
duce 10-bit  values  for  each  of  the  1728  pel  positions.  The  10-bit  correction  table  was  used 
on  all  images. 

The  image  analysis  consisted  of  acquiring  the  pel  brightness  statistics  (PBS)  and  first 
difference  statistics  (FDS)  of  only  the  areas  which  were  to  be  transferred  to  the  RCA  for- 
matted tapes.  The  restriction  to  the  areas  of  record  conserved  processing  time  and  allowed 
the  analysis  data  to  be  fully  relevant  to  the  image  data  submitted  to  RCA  for  printing. 

The  PBS  are  obtained  by  counting  the  number  of  occurrences  of  each  of  the  possible 
64  values  of  brightness  obtained  in  an  image  or  image  segment.  The  number  of  pels  which 
will  be  obtained  in  each  image  is  shown  in  table  B2.  It  should  be  noted  here  that  the  exact 
number  of  pels  per  line  which  were  analyzed  and  reformatted  may  be  in  excess  by  four  pels 
(as  in  the  case  of  resolutions  of  1 20,  200,  and  400)  or  six  pels  (as  in  the  case  of  resolutions 
of  300  and  600).  This  acceptance  of  a few  extra  pels  per  line  greatly  simplified  the  correc- 
tion, analysis,  and  reformatting  algorithms  since  it  operated  on  all  eight  pels  in  each  48-bit 
memory  word,  including  those  on  the  borders  of  the  useful  areas.  The  excesses  do  not  appre- 
ciably alter  the  statistics  and  allow  a few  pels  of  overlap  which  may  be  useful  in  reassembling 
the  segments.  As  an  example,  3 748  800  pels  v/ere  used  at  200  by  200  pels  per  inch  rather 
than  3 740  000,  an  excess  of  0.235%.  In  almost  all  cases  the  brightness  values  of  these  ex- 
cesses are  those  of  corrected  background  reflectance. 

The  FDS  statistics  include  the  same  areas  defined  above.  First  differences  are  obtained 
by  calculating  the  absolute  value  of  the  difference  in  brightness  between  an  acquired  pel  and 
its  predecessor  pel  in  the  scanned  line.  The  number  of  times  each  difference  value  is  obtained 
is  recorded  for  each  image  or  image  segment.  These  data  can  provide  histograms  on  the  effects 
of  scanning  density  on  pel-to-pel  brightness  differences. 

The  NOSC  preferred  tape  format  for  the  storage  of  image  data  provides  a high  pack- 
ing density  of  pel  data.  'Fhe  memory  words  of  48  bits  normally  contain  eight  6-bit  pels.  The 
Kennedy  tapes  utilize  8 bits  per  character.  The  high  packing  density  is  achieved  by  storing 
data  on  all  eight  tracks  of  the  tape.  Since  the  MCU  handles  the  packing  and  unpacking  pro- 
cess with  very  little  processing  time,  and  the  tape  mechanical  motion  requires  a significant 
amount,  the  high  density  yields  faster  operation  and  more  data  capacity  per  tape. 
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iThe  format  established  by  RCA  for  use  with  the  printer  is  very  simple.  One  pel  is 

stored  on  each  tape  character  (byte).  The  least-significant  bit  of  data  is  stored  on  track  0 
and  the  most-significant  bit  (of  6-bit  amplitude  quantization)  is  stored  on  track  5.  Tracks 
6 and  7 are  not  used. 

A routine  was  written  at  NOSC  to  read  data,  line  by  line,  from  the  NOSC  standard 
format,  perform  the  correction,  accumulate  the  analysis  data,  reformat  the  corrected  data, 
and  write  the  pertinent  results  on  the  deliverable  tape.  The  process  required  about  40  min- 
utes per  segment. 

■i 

‘i 

] RESULTS 

IMAGES 

At  the  time  this  report  was  generated,  RCA  had  not  completed  the  printing  of  the 
I image  data  submitted  by  NOSC.  When  all  segments  have  been  printed  in  bilevel  form.  RCA 

1 i plans  to  send  the  masters  to  a reliable  source  for  composition  of  original-scale  masters  of 

each  of  the  nine  documents.  High-resolution  lithograph  plates  will  be  made  from  these, 
and  a number  of  samples  will  be  printed  on  quality  bond  paper.  Most  of  these  will  be  sub- 
mitted as  sets  for  acceptable  cosmetic  evaluation.  A few  will  be  used  by  RCA  for  an  inter- 
nal assessment. 

At  considerable  special  effort,  RCA  accommodated  a NOSC  request  for  some  early 
samples  which  could  be  included  in  this  report.  These  are  prints  of  the  sample  designated 
as  Image-S.  This  sample  contains  a most  diversified  array  of  copy,  such  as  logos,  fine  type, 
handwriting,  and  graphics. 

The  process  of  producing  the  enclosed  figures  consisted  of  numerous  steps  which 
would  not  be  used  in  the  normal  image  printing  technique  for  USPS  mail  images.  The  data 
were  acquired  on  an  Optimation  drum  printer.  This  printer  has  provisions  for  writing  at 


254  pels  per  inch  (10  pels  per  millimetre)  or  508  pels  per  inch  (20  pels  per  millimetre).  Spot 
sizes  for  the  two  values  are  3.937  mils  (100  micrometres)  or  1 .968  mils  (50  micrometres). 

Grey  scale  negatives  were  made  by  allowing  the  intensity  of  illumination  of  the  writing  spot 
to  vary  proportionally  to  the  6-bit  pel  values  recorded  on  the  NOSC  tapes.  Tliresholded 
values  were  obtained  by  producing  saturation  and  extinction  values  of  the  illumination  as  a 
function  of  the  most-significant  bit  (MSB)  of  the  NOSC  tapes. 

NOSC  was  then  given  duplicate  black  and  white  negatives  and  copies  of  contact 
prints  of  the  masters.  The  contact  prints  were  captioned  and  mounted  on  heavy  cardboard 
at  NOSC  and  given  to  the  photo  lab  for  copy  at  a dilated  or  reduced  scale  to  cause  the  re- 
port negatives  to  have  a 1 : 1 dimensional  relationship  with  the  original.  Master  plates  were  then 
made  for  the  production  of  pages  in  this  report.  The  200-by-200-,  240-by-240-,  and  600-by- 
600-pel-per-inch  magnification  ratios  were  1.27:1,  1.058:1,  and  0.846: 1 , respectively.  It  is 
obvious  that  much  of  the  resolution  gained  by  the  higher  spatial  frequency  scanning  has  been 
lost  in  preparing  the.se  samples.  Nonetheless  they  are  presented  as  examples  of  the  test. 

Figure  B16  is  the  result  of  printing  the  illumination-corrected  image  in  grey-scale 
form  using  the  digitized  brightness  levels.  The  image  was  acquired  at  200  by  200  pels  per 
inch  and  appears  to  be  a faithful  reproduction  of  the  reflection  density  of  the  master  image 
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Figure  B16.  Test  image  designated  S,  200  by  200  pels  per  inch,  grey  scaled. 
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illuminated  for  broadband  visible  spectral  response.  The  master  is  actually  a “paste-up”  of 
a number  of  sample  specimens.  Variations  in  the  retlection  densities  of  the  background 
papers  of  the  various  specimens  are  easily  recognizable,  as  are  the  outlines  of  the  paste-up 
perimeters.  Although  the  nominal  background  reflectance  level  lies  in  the  range  of  level  52 
to  63,  the  background  of  the  reproduction  has  a distinct  grey  cast.  Recording  with  back- 
ground levels  closer  to  63,  printing  the  sample  positives  made  from  the  negatives  with  less 
exposure  and  on  higher-contrast  paper,  or  adjusting  the  printer  dynamic  range  could  greatly 
improve  the  appearance  of  the  reproduced  sample.  Some  of  the  paste-up  swatches  were 
originally  printed  on  thin  bond  paper.  The  bleed-through  of  printing  on  the  reverse  side  of 
the  samples  is  quite  obvious. 

Figure  B1 7 is  a reproduction  from  the  thresholded  negative.  There  are  some  slight 
traces  of  the  edges  of  the  paste-up,  but  the  image  is  a reasonable  copy  of  the  original.  More 
discussion  of  figures  B16  and  B17  will  follow  in  the  section  on  image  analysis. 

Figures  B1 8 and  B1 9 are  included  to  show  the  results  of  imaging  at  240  by  240  pels 
per  inch,  grey  scale  and  thresholded,  respectively.  Because  of  the  losses  in  the  document 
preparation  of  this  report,  no  significant  differences  from  the  200-by-200-pel-per-inch 
acquisitions  are  apparent. 

Figures  B20  and  B21  are  composites  of  the  image  segments  made  at  a resolution  of 
600  by  600  pels  per  inch.  Some  unevenness  in  the  backgrounds  of  the  segments  can  be  seen 
in  the  grey-scale  version.  The  increase  in  resolution  is  not  significantly  better  than  in  the 
versions  of  the  same  document  imaged  at  200  by  200  and  240  by  240  pels  per  inch.  Some 
differences  can  be  seen  in  the  copy  negatives,  particularly  around  the  small  typeset  alpha- 
numerics. 
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Figure  B17.  Test  image  designated  S,  200  by  200  pels  per  inch,  thresholded. 
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Figure  B20.  Test  imago  designated  S.  600  by  600  pels  per  inch,  giey  scaled. 
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ANALYSIS 


Two  types  of  analyses  were  run  on  each  image  at  each  resolution  setting.  Where  the 
images  were  obtained  in  segments,  the  sums  of  the  pair  or  four  quarters  were  accumulated 
to  develop  the  final  tallies  and  histograms  which  follow. 

Figures  B22  through  B29  are  a series  of  pel  brightness  statistics  (PBS)  for  Image  S 
resulting  from  an  analysis  of  acquisitions  made  at  all  the  requested  spatial  frequencies. 
Figure  B22  shows  the  distribution  of  brightness  levels  for  the  image  acquired  at  the  lowest 
spatial  frequency  of  the  series,  120  by  1 20  pels  per  inch.  The  brightness  level  which  occurs 
most  frequently  is  level  55.  From  associated  tabular  data  (not  published,  but  available), 
there  are  1 1 6 004  pels  of  this  brightness  level.  The  total  number  of  pels  in  the  image  as 
listed  in  table  B2  is  1 351  680. 

At  the  right  side  of  the  histogram  a peak  exists  at  brightness  level  14.  There  are 
7587  pels  having  this  brightness.  A second  peak  exists  at  level  9,  this  one  having  a total  of 
6265  pels.  There  are  six  saddle  points  in  the  histogram.  One  of  these  is  at  level  1 1 . The 
other  five  are  at  levels  16,  20,  24,  28,  and  32.  These  latter  values  have  the  appearance  of 
being  caused  by  nonuniform  response  of  the  A/D  converter.  A subsequent  review  of  other 
histograms  tends  to  refute  this  as  a cause.  The  other  possible  reason  for  the  saddle  points 
may  be  reflectance  sources  of  different  values  such  as  ball  point  pen,  pencil,  and  bleed- 
through  levels  as  well  as  the  inks  used  in  the  printing  process.  The  two  major  peaks  on  the 
dark  (low)  end  of  the  histogram  are  probably  two  different  types  of  inks. 

Figure  B23  is  an  analysis  of  the  same  image  scanned  at  160  by  160  pels  per  inch  and 
contains  many  of  the  features  found  in  figure  B22.  The  six  saddle  points  still  exist.  This 
location  has  shifted,  which  somewhat  confirms  the  opinion  that  they  are  data  dependent 
and  not  an  anomaly  of  the  A/D  converter.  The  nominal  background  brightness  has  been 
maintained  above  the  value  52.  The  darkest  few  pels  are  still  at  level  5. 

Figure  B24,  which  is  an  analysis  made  from  imaging  at  200  by  200  pels  per  inch, 
contains  the  two  major  responses  of  ink  levels  at  levels  9 and  1 3.  The  data  also  show  two 
distinct  additional  peaks  at  levels  21  and  31.  No  explanation  has  been  found  for  the  occur- 
rence of  these  at  this  scanning  density  at  the  exclusion  of  all  others.  The  stem  on  a standard 
typed  character  is  approximately  2.2  pels  (0.01 1 inch).  Perhaps  the  line  width  on  some  of 
the  fine  printed  matter  is  such  that  the  minimum  response  from  a character  stroke  of  a 
printed  level  falls  at  either  level  21  or  3 1 for  different  sizes  of  type.  In  other  words,  these 
should  be  the  lower  excursions  of  the  modulation  transfer  function  (MTF)  cycles  at  these 
spatial  line  widths. 

The  remaining  analyses  shown  in  figures  B25-B29  follow  a more  traditional  and  fa- 
miliar form  of  the  histogram  which  results  from  scanning  bilevel  (black  and  white)  images. 

A strong  response  is  indicated  in  the  vicinity  of  level  52  representing  the  reflectance  of  the 
background  and  a second  peak  around  level  8 or  9 resulting  from  the  contribution  of  the 
ink.  The  curves  generally  are  displaced  upward  with  increasing  scanning  density  due  to  the 
rapidly  increasing  number  of  pels  per  image.  A scale  change  has  been  made  on  figures  B28 
and  B29. 

The  next  series  of  figures,  B30-B37,  resulted  from  analyzing  the  data  to  obtain 
first  difference  statistics  (FDS).  First  difference  statistics  are  generated  by  comparing  the 
brightness  value  of  a pel  with  the  value  of  the  pel  immediately  following.  For  example,  if 
the  301st  pel  in  a scan  line  had  a brightness  value  of  27  and  the  302nd  pel  brightness  was 


B-36 


400  by  400. 


s/300  FINE  TYPE,  GRAPHICS,  ETC. 


43,  then  the  absolute  value  of  the  difference  27-43  = 16  would  be  recognized  and  the 
storage  bin  containing  the  count  of  the  number  of  times  the  difference  was  1 6 would  be  in- 
cremented. This  process  is  continued  throughout  the  entire  image.  Exactly  the  same  num- 
ber of  first  differences  is  obtained  as  there  were  pels  acquired.  A special  case  is  used  for  the 
difference  as  the  imager  acquires  the  first  pel  on  the  page.  Since  there  is  no  valid  previous 
value  to  compare  to,  the  first  pel  value  is  subtracted  from  zero.  In  other  words,  there  exists 
one  value  per  line  which  represents  the  first  large  step  up  onto  the  imaged  document. 

Figure  B30  is  a histogram  of  EDS  taken  at  a resolution  of  1 20  by  1 20  pels  per  inch. 

At  the  bottom  of  the  figure,  the  histogram  bar  running  from  left  to  right  indicates  that  there 
are  approximately  480  000  pels  which  provided  the  same  reflection  density,  after  illumina- 
tion correction,  as  at  least  one  adjacent  pel.  The  figure  also  shows  about  570  000  pels  which 
have  a brightness  difference  of  only  one  level  from  a neighboring  pel. 

From  differences  2 through  5 the  histogram  bar  lengths  shorten  by  about  1 'h  orders 
of  magnitude.  From  differences  6 through  27  only  small  decreases  in  the  quantities  occur. 
Almost  all  the  remaining  differences  are  included  in  the  range  between  28  and  39.  The  re- 
maining differences  at  the  top  of  the  histogram  are  the  values  of  the  initial  pel  brightness  first 
encountered  on  each  line  whose  values  are  subtracted  from  zero.  When  scanning  at  1 20  by 
1 20  pels  per  inch,  there  are  1 320  lines  per  page.  The  tabular  numerical  data  from  which  this 
histogram  is  made  indicate  that  the  sum  of  these  artifact  occurrences  equals  exactly  1320. 

Figure  B31  is  an  FDS  histogram  for  data  scanned  at  160  by  160  pels  per  inch.  There 
were  more  pels  acquired  at  this  resolution  (2  393  600  vs  1 346  400)  than  at  1 20  by  1 20  pels 
per  inch.  Consequently,  the  values  of  first  differences  were  in  general  somewhat  higher.  A 
change  in  resolution  also  affects  the  general  shape  of  the  FDS  histograms.  There  are  two 
reasons  for  this  change.  As  the  scan  density  increases,  the  displacement  between  adjacent 
samples  decreases.  In  this  series  of  samples,  the  range  of  displacements  varies  in  a 5 : 1 ratio 
from  1 20-by-l  20-to600-by-600-pel-per-inch  sampling.  Given  a linear  variation  of  brightness 
per  unit  of  displacement  on  the  copy  material,  the  values  of  first  differences  should  be  quite 
different  at  the  extremes  of  scanning  densities  used  in  this  test.  The  above  statement  holds 
true  if  the  modulation  transfer  function  of  the  optics  and  imager  is  perfect  (MTF  = 1 .0). 

Because  of  the  complexity  of  the  interaction  of  the  MTF,  the  frequency  function  of 
the  image  data  in  the  direction  of  image  scan,  and  the  effects  of  quantizing  the  acquired  data 
at  various  spatial  frequencies,  it  is  not  possible  to  present  a formal  analysis  of  the  relationships 
of  the  FDS  at  this  time.  The  MTF  is  known  to  be  approximately  0.67  at  the  Nyquist  spatial 
frequency  limit  of  the  imaging  device  (38.5  line  pairs  per  millimetre).  The  general  waveform 
of  the  image  data  in  the  direction  of  imager  scan  can  be  defined  as  mostly  in  the  high  state 
with  occasional  band-limited  excursions  to  a low  state  as  portions  of  inked  areas  are  crossed 
during  the  scan.  It  is  planned  to  perform  some  simpler  tests  in  the  future  with  a few  lines  of 
V copy  having  a controlled  set  of  spatial  frequencies.  From  this  test,  it  is  felt  that  the  effects 

of  MTF  can  be  isolated  from  the  effects  of  scanning  density  of  typical  printed  material. 

The  remaining  FDS  histograms  shown  in  figures  B31  through  B37  do  show  a decrease 
in  large  brightness  differences  with  increasing  spatial  frequency  of  sampling.  When  actual 
percentages  of  total  pels  are  calculated,  the  results  show  that  87.88%,  92.19%,  and  93.53%  of 
the  first  differences  are  less  than  three  brightness  levels  for  the  1 20,  300,  and  600  resolution 
samples,  respectively. 
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CONCLUSIONS 

1 . As  expected,  there  is  considerable  improvement  in  the  quality  of  images  acquired 
as  the  spatial  scan  density  is  increased. 

2.  Thresholded  images  acquired  at  200  by  200  pels  per  inch  appear  to  be  unsatis- 
factory to  reproduce  5-point  schoolbook  (English  News?)  type.  This  resolution  appears  to 
be  only  marginally  adequate  for  5-point  boldface  Gothic  type. 

3.  Images  printed  with  full  6-bit  grey  scales  are  much  easier  to  read  and  interpret, 
but  should  be  printed  with  as  much  contrast  as  possible. 

4.  A scanning  density  of  200  by  200  pels  per  inch  either  grey  scale  or  thresholded 

tj  appears  to  be  adequate  for  business  letter  typing,  and  lead  pencil  or  ball  point  handwriting 

U"  if  the  thresholds  and  dynamic  ranges  are  carefully  chosen. 


FUTURE  NOSC  PLANS 

1 . Continue  to  study  the  effect  of  resolution  of  acquisition  versus  interpretability 
of  images,  particularly  continuous-tone  images,  during  the  data  capture  studies  in  FY78. 

2.  Improve  the  interface  between  the  ICAS  and  the  NOSC  laser  printer  facility. 
Images  already  have  been  printed  with  full  64-level  grey  scale  on  this  equipment  from  ICAS 
tapes. 

3.  Closely  monitor  the  RCA,  Camden,  study  on  relative  address  coding  (RAC), 
smoothing,  and  interpolation  as  it  affects  image  quality  and  required  resolution. 
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ANNEX  A: 

VARIABLE  RESOLUTION  TEST.  DRUM  SPEED  CALCULATIONS 

1.  Frame-store  memory  and  tape  transport  cycle  time,  Tj  = 50  milliseconds. 

2.  Allowance  for  variation  in  drum  speed,  2;  1 then  T9  = 2 Tj  > T|  + E\iax  “ 

100  milliseconds  per  line. 

3.  The  low-speed  drive  motor  speed  is  0.5  rev/min. 

4.  The  pulleys  available  for  this  shaft  are; 

a.  A triple  with  diameters; 

1.00"  + 0.137"  = 1.137" 

0.75” + 0.137"  = 0.887" 

0.50" + 0.137"  = 0.637" 

b.  A single  with  diameter; 

1.40" + 0.137"=  1.537" 

5.  The  above  added  value,  0. 137",  is  an  empirical  constant  used  with  0. 1 875"  neoprene 
belts  which  yields  the  effective  diameter  of  a “V”  groove  pulley  where  the  diameter  of 
the  groove  bottom  is  known. 

6.  Pulleys  available  for  the  main  drum  shaft  are  as  follows; 

a.  A triple  with  diameters; 

4.250" + 0.137"  = 4.387" 

4.061"  + 0.137"  = 4.198" 

3.840" + 0.137"  = 3.977" 

b.  Two  singles  with  diameters: 

2.50"  + 0.137"  = 2.637" 

1.00"  + 0.137"=  1.137" 

7.  The  desired  resolutions  are  (pels  per  inch); 


2400 

600 

300 

160 

1200 

480 

240 

120 

800 

400 

200 

8 The  left-hand  column  above  is  not  needed  for  the  RCA  test,  but  these  values  may  be 
useful  for  high-resolution  tests. 
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9.  The  angular  drum  speed,  W,  is  related  to  the  drum  circumference,  C,  the  line  storage 
time,  T2,  and  the  resolution,  R,  required. 

_ LINE  s.  1 ..  1 REV  ,,  60  s _ 

T2  R C ^ min 


LINE  1 1 REV 

60  s 

_ 43.945  LIN  REV 

0.100  R ''  13.653  in 

min 

R IN  MIN 

W2400  ~ 0.0183  rev/min 

W300  = 0.1465  rev/min 

W j 200  “ 0.0366  rev/min 

W24o  = 01831  rev/min 

Wsoo  " 0.0550  rev/min 

W200  = 0.2197  rev/min 

W600  = 0.0732  rev/min 

W 1 60  = 0.2747  rev/min 

W480  = 0.0815  rev/min 

Wi  20  = 0.3662  rev/min 

W4Q0  = 0. 1 099  rev/min 

Pulley  ratios  required  for  0.5  rev/min  motors: 

•^2400  27.31:1 

•^300 

^1200  ^ 13.65:1 

R240  = 2-73:1 

%00  =9.10:1 

^200^  2.28:1 

1^600  ^ 6.83:1 

R160  = 1-82:1 

*^480  =5.46:1 

R, 20=  1-37:1 

R400  =4.55:1 

1 1.  The  ratios  obtained  from  the  various  combinations  are: 


MAIN  SHAFT 

DRIVE 

4.387 

4.198 

3.977 

2.637 

1.137 

1.537 

2.854 

2.731 

2.587 

1.716 

0.740 

1.137 

3.858 

3.692 

3.498 

2.319 

1.000 

0.887 

4.945 

4.733 

4.484 

2.973 

1.282 

0.637 

6.886 

6.590 

6.243 

4.140 

1.785 

SAME  AS  ABOVE  WITH  2.3 

:1  REDUCER 

1.537 

6.564 

6.281 

5.950 

* 3.947 

1.702 

1.137 

8.873 

8.491 

8.045 

5.337 

2.300 

0.887 

11.373 

10.886 

10.313 

6.840 

2.949 

0.637 

15.838 

15.157 

14.359 

9.522 

4.105 
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1 2.  All  angular  velocities  (or  slightly  slower  values)  can  be  obtained  by  using  the  following 
pulley  combinations: 


RATE 

DRIVE,  in 

REDUCER 

MAIN  SHAFT,  in 

LINES/s 

^^1200 

0.637 

yes 

4.437 

8.522 

''^800 

0.887 

yes 

4.198 

8.362 

"^600 

1.137 

yes 

3.977 

8.486 

"^480 

1.537 

yes 

3.977 

9.177 

''^400 

0.887 

no 

4.198 

9.616 

W3OO 

1.137 

no 

3.977 

9.754 

''^240 

1.537 

no 

4.198 

9.997 

"'200 

1.537 

no 

3.977 

8.794 

W16O 

1.537 

no 

3.977 

7.036 

W12O 

1.537 

no 

2.637 

7.958 

LlNES/s 

= RESOL  X 

27r  RADIUS  ,, 

DIA  DRIVE  1 

V min  . 

REV 

DIAMAIN  ''  REDUCER 

60s 

0.5  REV 


min 


'600 


600  LINES 
in 


13.653  in 
REV 


1.137  in 
3.977  in 


2.3 


0.5  REV 
min 


mm 

60s 


= 8.486  LiNES/s 


ANNEX  B: 

SUMMARY  OF  TEST  SPECIFICATIONS 


IMAGE  TAPE  FORMAT 


1 Character  = 
1 Byte 


MSB 


LSB 


Y 

1 Pel  (6  Bits) 


• 1 line/record 

• 1 file/captured  image  segment  or  half-segment 

• Images  illuminations  corrected 

• Images  analyzed  for  PBS  and  FDS 

• Images  recorded  on  a Kennedy  Model  9000  in  “IBM  Compatible”  format  at 
800  CPI 

• For  resolutions  of  200  points/inch  and  less,  the  scan  line  is  in  the  8‘/2-in 
direction. 

• For  resolutions  greater  than  200  points/inch,  the  master  image  will  be  cut  in 
halves,  two  each;  (8'/2  by  S'/z  inch);  and  quarters,  four  each. 

• For  resolutions  greater  than  200  points/inch,  the  scan  line  will  be  in  the  SVS-  or 
2%-inch  direction. 

• Tape  file/image  designation  codes  will  be  as  shown  below. 

• For  resolutions  of  480  and  600  points/inch,  place  file  mark  for  each  half-segment. 


IMAGE  DESIGNATION  CODE 

T F / C-3  S / R 


Resolution 
Segment  # 

Image  Designator 
File  # 

Tape  # 


i 


] 


1 

1 

I 

] 

i 

i 

i 

j 

] 
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[ixample: 


21, 3/T-M/480 

Tape  #21,  F'ile  3/RCA  Form  (Fourtli  SegmenD/Seanned  (S  480  points/incli 

DOCUMENT  SEGMENTATION 

Images  will  be  seanned  in  the  following  manner: 

N = NUMBER  OF  PELS/LINE 


RESOLUTIONS  OF  RESOLUTIONS  OF 

120,160,200  240,300 


DESIGNATORS  FOR  RCA  IMAGES 


\ 


I 

A-1  l lasli  Elasli  Flash  S | 

A-2  Four  Newspaper  Ads  | 

C-1  Letter  from  Senyo  Electric  to  RCA  | 

C-2  RCA  Letter  from  Mr.  Regan  to  Haynes  j 

C-3  Handwritten  Letter  1 

T-1  D.  C Heath  & Co.  1 

T-2  RCA  Form  i 

T-3  New  Hampshire  Ball  Bearing  j 

S Fine  Type.  Graphics.  Etc.  | 

X-R  Resolution  Calibration  Pattern  ( R=Resolution)  hi 

) 
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i The  purpose  of  tliis  report  is  threefold.  Tlie  first  objeetive  is  to  review  the  prestorage 

proeesses  which  have  been  studied  during  the  course  of  tlie  program  to  date.  A second  objec- 
tive is  to  initiate  an  attempt  to  integrate  the  most  promising  of  these  processes  into  the 
concept  of  a prototype  USPS  image  scanning  equipment.  The  final  objective  is  to  identify 
and  prioritize  areas  of  furtlier  subsystem  study  wliicli  may  be  required  to  improve  marginal 
performance  or  provide  data  not  yet  available  on  which  to  make  sound  tradeoff  decisions. 

All  the  prestorage  processing  techniques  discussed  in  this  report  have  been  accomplished 
by  using  software  programs  and  microprocessor  computational  techniques  on  the  digitized 
data.  Processing  done  in  this  form  is  much  slower  than  that  required  for  real-time  copy 
scanning  at  20  pages  per  second.  It  should  be  emphasized  that,  for  each  algorithm  discussed, 
a determination  was  made  that  a practical  equivalent  hardware  subsystem  can  be  designed 
which  can  perform  each  function  in  real  time.  In  most  cases  the  required  84-megapel-per- 
second  throughput  will  be  accomplished  by  using  four  parallel  2 1-megapel-per-second 

. channels. 

The  review  of  the  preprocessing  studies  undertaken  thus  far  will  be  as  concise  as 
possible.  Investigations  which  have  previously  been  reported  will  be  described  only  in  the 
broadest  terms  with  references  to  the  documented  source.  Topics  not  previously  covered 
will  be  described  herein. 

The  systems  integration  tradeoffs  will  be  given  as  careful  consideration  as  possible  at 
this  time.  Results  from  the  Electronic  Message  Service  System  (HMSS)  study  by  RCA. 
Camden,  have  not  been  completed  or  endorsed  by  USPS.  The  levels  of  complexity  of  a pro- 
totype image  seanning  equipment  are  highly  dependent  on  the  results  of  the  HMSS  study,  as 
will  be  made  obvious  throughout  the  tradeoff  diseussion. 

The  identification  of  some  areas  requiring  further  study  can  be  made  at  the  outset  of 
this  report.  The  data  base  which  now  exists  has  come  from  relatively  few  “typical”  examples 
of  the  types  of  copy  material  expected  to  become  candidates  for  HMSS  acquisition,  process- 
ing, storage,  and  transmission.  The  USPS/NOSC  F-'Y78  statement  of  work  already  addresses 
major  emphasis  to  expanding  this  data  base. 


II 


CANDIDATE  PRESTORAGE  PROCESSES  STUDIED 

Nine  distinctly  dilTcrent  prestorage  processes  have  been  studied  during  the  present 
and  previous  USPS/NOSC  work  agreements.  In  some  eases,  meaningfid  results  could  be 
obtained  within  a few  days  including  software  development  and  data  acquisition.  In  other 
cases,  in  which  a large  number  of  samples  are  required  to  establish  a significant  statistical 
trend,  the  results  are  not  yet  conclusive. 


WHITE  LIGHT  AND  TRICOLOR  PRESCAN  ANALYSIS 

The  use  of  the  Digital  Image  Analyzer  (DIA)  to  produce  pel  brightness  statistics  (PBS) 
and  first  difference  statistics  (EDS)  has  been  discussed  in  both  references  Cl  and  C2.  Appen- 
dix D of  reference  C2  offers  the  best  description  of  white  light  (420-620  nanometre)  PBS. 

A copy  of  four  histograms  taken  from  reference  C2  is  repeated  here.  These  are  shown  in 
figure  Cl.  Both  Cl  (a)  and  Cl  (b)  are  histograms  of  typed  pages.  The  predominance  of  pic- 
ture elements  (pels)  occurring  at  about  brightness  level  50  is  due  to  the  highly  rellective 
bond  paper  on  which  the  information  is  printed.  The  smaller  hump  on  the  bottom  of 
these  two  histograms  represents  the  toner  or  ink  used  to  print  the  information.  In  these  two 
cases,  the  frequency  of  occurrence  of  ink  is  about  4%  that  of  the  background. 

The  two  lower  histograms  indicate  a noticeably  different  distribution  of  pel  bright- 
ness values.  Figure  Cl(c)  is  an  analysis  of  an  outdoor  photograph.  The  PBS  curve  is  much 
more  even  on  the  right,  indicating  a more  uniform  distribution  of  brightness  values  found  in 
the  continuous-tone  image.  Figure  Cl(d)  is  a histogram  of  the  IEEE  facsimile  chart,  which 
contains  both  bilevel  (black  and  white)  and  continuous-tone  (photographic)  images. 

There  are  several  important  reasons  for  acquiring  PBS  data.  First,  the  data  contribute 
to  the  identification  of  bilevel  or  continuous-tone  images.  The  PBS  alone  may  not  be 
sutheient  to  positively  differentiate  between  bilevel  and  continuous-tone  images,  especially 
if  there  are  small  areas  of  continuous-tone  image  in  the  presence  of  a preponderance  of  bi- 
level data.  It  is  expected  that  the  PBS  data  plus  some  temporal  data  (line  and  character 
modulation  sequences)  will  be  required  to  produce  a reasonable  probability  of  correct 
differentiations. 

The  use  of  tricolor  PBS  will  allow  a selection  of  illumination  for  the  main  scanner 
which  will  provide  maximum  contrast.  Figure  C2  shows  a segment  of  a Newsweek  color 
advertisement  which  has  been  acquired  and  analyzed  with  filtered  illumination.  The  image  in 
figure  C2(a)  was  acquired  by  using  a Wratten  25  filter  which  has  a spectral  bandwidth  from 
580  to  above  900  nanometres  (nm).  The  corresponding  histogram  of  figure  C2(b)  shows  a 
relatively  poor  ratio  of  ink  to  background  reflectance  on  the  bottom  to  top  humps, 
respectively. 

The  image  of  figure  C2(c)  was  acquired  by  using  a Wratten  47B  blue  filter  having  a 
spectral  bandwidth  from  390  to  470  nm.  The  third  filter  of  the  tricolor  set,  not  shown,  is 
the  Wratten  58  green  filter  having  a spectral  bandwidth  from  495  to  580  nm.  The  histogram 
of  figure  C2(d)  is  quite  different  from  that  of  C2(b)  in  two  respects.  First,  the  ratio  of  the 
bottom  to  top  (ink  to  background)  humps  of  C2(d)  is  significantly  larger  than  that  of  C2(h). 
Second,  the  ratio  of  pel  brightness  values  is  higher  in  figure  C2(d)  than  in  C2(b).  This  is  an 
indication  ot  two  factors.  More  of  the  copy  was  recognized  as  black  (dark)  in  the  lower 
example.  Also,  the  refiectance  of  the  inks  as  acquired  by  the  imager  was  lower  when  the 
blue  filter  was  used  causing  the  statistics  to  change  as  a result  of  the  increasing  contrast. 

Cl . First  Annual  Report,  Advanced  Mail  Systems  Scanner  Technology.  NELC  TR  1965,  October  22.  1975 
C2.  Second  Annual  Report,  Advanced  Mail  .Systems  Scanner  Technology,  NELC  TR  2020  October  1976 
vol  I & II 
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The  histogram  is  also  useful  in  determining  the  brightness  level  at  which  to  establish 
a threshold.  This  is  only  true  if  relatively  even  illumination  is  provided  across  the  document 
or  if  illumination  compensation  is  used  before  analysis.  In  figure  Cl  (a)  the  optimum 
threshold  level  for  the  bilevel  image  should  be  placed  at  about  level  32  (the  saddle  point). 

In  figure  Cl(b),  whose  original  image  contained  a USPS  logo,  the  threshold  choice  might 
be  level  35  or  level  25,  depending  on  whether  to  include  the  middle  hump  as  information 
or  background,  respectively. 


AUTOMATIC  GAIN  AND  LEVEL 

The  prescan  histograms  also  provide  information  about  an  image  which  allows 
settings  to  be  made  for  the  control  of  gain  and  level  during  the  main  scan  acquisition.  An 
increase  in  gain  widens  the  histogram  distribution  curve,  and  a level  change  can  be  used  to 
provide  an  offset  which  centers  the  histogram  in  the  range  between  levels  00  and  63.  When 
properly  set,  the  gain  and  level  adjustments  provide  acquisitions  exploiting  the  full  brightness 
dynamic  range  of  the  system.  The  circuits  for  remote  control  of  gain  and  level  are  described 
in  reference  C3. 


ADAPTIVE  THRESHOLDING 

As  mentioned  previously  in  the  discussion  on  image  analysis,  one  method  of  estab- 
lishing a threshold  is  to  use  the  PBS  histogram  to  determine  the  saddle  point  between  the 
two  predominant  brightness  level  peaks  and  utilize  this  dividing  value  as  the  threshold.  This 
concept  only  works  well  in  equipments  which  contain  illumination  correction  circuits  or  are 
otherwise  compensated  to  provide  Bat  response  from  copy  materials  of  uniform  retlectance. 

By  telephone  contact  with  Fairchild  Imaging  Systems,  Syosset,  NY,  NOSC  received  a 
description  of  a novel  method  of  providing  an  analog  adaptive  threshold  technique.  The 
algorithm,  as  understood  at  that  time,  was  programmed  for  the  USPS/NOSC  Image  Capture 
and  Analysis  System  (ICAS),  and  sample  sections  of  images,  both  with  and  without  illumina- 
tion correction,  were  evaluated. 

Figure  C3(a)  is  a portion  of  a handwritten  letter  as  scanned  and  digitized  to  6 bits 
per  pel.  Figures  C3(b),  (c),  and  (d)  show  the  resultant  bilevel  images  produced  by  threshold- 
ing with  various  adjustments  of  the  circuit  parameters.  Figure  C4  shows  actual  plots  of  the 
image  data  on  line  15,  labeled  P,  and  the  threshold,  T,  as  it  tracks  the  data.  In  this  example 
the  first  few  dark  lines  (negative  excursions  of  the  P curve)  have  a contrast  ratio  of  about  0.6 
and  easily  cross  the  threshold.  The  dark  line  to  the  right  of  the  plot,  that  only  extends  down 
to  level  37,  has  a contrast  ratio  of  0.23  and  consequently  does  not  cross  the  threshold. 

The  next  set  of  examples  was  made  with  a multicolor  document,  a photograph  of 
which  is  shown  in  figure  C5.  This  document  was  scanned  with  broadband  illumination  and 
digitized  at  6 bits  per  pel.  This  image  was  thresholded  with  the  same  algorithm  and  the  same 
set  of  parameters  as  the  handwritten  page.  The  area  of  interest  in  this  group  of  photo- 
graphs is  near  the  bottom  where  the  cursor  runs  through  the  bold  typing.  The  type  is  red 
ink  on  a white  background  with  the  lines  in  black.  For  the  red  typing  on  the  line  profile 
plots  in  figure  C7,  the  print  contrast  ratio  is  about  0.37.  As  seen  in  the  photographs  in 
figure  C6,  all  but  figure  C6(d)  exhibit  a certain  amount  of  tearing. 

Another  example  of  low  print  contrast  ratio  thresholding  is  shown  in  figures  C8  and 
C9,  figure  C8(a)  being  the  original  6-bit  image.  The  line  plotted  in  figure  C9  is  near  the  top 
of  the  image  through  the  line  of  bold  type.  Figure  C9  indicates  that  this  point  has  a print 
contrast  ratio  of  about  0.33,  very  close  to  the  minimum  requirement  for  thresholding. 


C3.  Image  Capture  and  Analysis  System,  Third  Report,  NOSC  Code  7323  Summary  Report,  June  1977 
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Two  portions  of  a NOSC  library  acquisitions  cover  were  scanned  in  order  to  demon- 
strate problems,  if  any,  in  thresholding  an  image  that  is  white  on  black  versus  the  typical 
black  on  white  format  of  most  typewritten  information.  Figure  C 1 0 shows  a portion  of 
this  image  which  is  predominately  white.  There  is  no  problem  with  the  thresholding  algo- 
rithm here.  Figure  Cl  1 shows  a line  profile  to  demonstrate  this.  The  second  portion  of 
this  is  shown  in  figure  Cl 2.  Note  that  figure  Cl  2(b)  is  shown  inverted  rather  than  white  on 
black.  Figure  Cl 3(a)  shows  a line  profile  through  the  printing  toward  the  bottom  of  the 
image.  The  upper  portion  of  the  image,  however,  shows  a potential  problem  which  is  that 


of  scanning  a large  area  of  black  information.  At  low  image  brightness  levels  the  upper  and 


lower  thresholds  are  very  close  to  the  image  brightness  level,  typically  within  one  or  two 
intensity  levels.  Thus,  any  minor  fluctuations  in  the  image  data  have  a high  likelihood  of 
crossing  the  threshold.  This  is  the  reason  for  the  salt-and-pepper  effect  in  the  upper  portion 
of  the  photograph  in  figure  Cl  2(b).  Figure  Cl 3(b)  shows  a line  plot  of  the  last  line  ol'  the 
salt-and-pepper  portion  of  the  image. 


1 1 

mm. 

cr ' 
^1 

'm 

Z 

> 

■ . 1 

w 

' ^ 

0) 

t 

•1 

{/ 

< 

Ui 

£ 

( ( 

2 

"Ti 

a 

;>  0 

{ 

(X5 

•-  \ 

i 

t 

04 

C V 

IMP 

r 

fe«iil 

1- 

D 

V) 

UJ 

V W 

“ :<^ 

\ ^ 0 
;',  ;■ 

i 

a 

„ uJ  U 

JJ 

V 

£ 

r-^  r—  r-' 

! 1 1 1 

< 

V 

iKh 

i 

*7 

1 

Figure  CS.  Mull icirlored  diKument. 


RESULT  tb) 

F'iguro  CIO.  NOSC  library  acquisitions  cover. 
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RESULT  (b> 

I igurcClL  NOSC  libiar\  aniuisitioii\  cover 


(19 


ILLUMINATION  CORRECTION 


Illumination  correction  is  a digital  compensation  technique  which  provides  a first- 
order  restoration  of  nonuniformity  of  system  response  due  to  uneven  illumination,  cos*^ 
losses,  and  sensor  response  variations.  This  is  accomplished  by  storing  digitized  values  of 
individual  cell  responses  for  an  entire  sensor  line  when  a uniform  high-reflectance  target  is 
presented  to  the  imaging  area  and  illuminated  normally. 

This  technique,  as  executed  in  software  in  the  Memory  Control  Unit  (MCU)  and  in 
higli-speed  hardware  form,  is  discussed  in  appendix  C of  reference  C2  and  in  reference  C3. 
The  work  was  also  presented  as  a paper  to  the  SPIE  Conference  (ref  C4). 


VIDEO  AMPLITUDE  COMPANDING 

Video  amplitude  companding  is  a process  of  redefining  video  amplitude  level  interval 
limits  so  that  the  total  amplitude  space  can  be  described  by  a smaller  set  of  numbers  than 
needed  to  describe  the  originally  partitioned  amplitude  space.  In  this  manner  the  digitized 
video  data  are  compressed,  and  may  be  transmitted  with  fewer  digits  than  linear  video.  After 
the  transmitted  data  have  been  received,  the  amplitude  levels  may  be  expanded  to  encompass 
the  same  range  of  levels  of  brightness  originally  encountered.  In  this  manner  the  data  are 
said  to  be  companded. 

There  are  sacrifices  made  in  the  quality  of  the  reproduced  images  when  the  video  is 
companded.  If  an  amplitude  zone  is  redefined  to  include  a number  of  original  linear  briglit- 
ness  levels  and  given  a single  new  designation  to  be  transmitted,  there  is  insufficient  informa- 
tion to  reconstruct  the  several  original  levels  correctly  at  the  receiving  terminal.  For  example, 
if  brightness  levels  50  through  54  were  redefined  to  a compressed  (logarithmically)  value  of 
level  29,  the  receiver  would  have  to  be  encoded  to  produce  an  output  level,  usually  the 
highest  of  the  range  (54  in  this  case),  upon  receiving  the  digital  signal  level  29.  There  would 
be  no  information  available  to  show  that  the  true  level  should  be  50  or  5 1 . A consequence 
of  this  companding  is  a relative  coarseness  of  the  appearance  of  the  image.  As  the  number  of 
grey  levels  is  reduced,  the  boundaries  between  adjacent  levels  become  more  pronounced. 

This  gives  evidence  of  “contouring,”  since  the  boundaries  represent  levels  of  relatively  equal 
brightness.  The  difference  between  64  linear  levels  and  a logarithmic  companded  image 
defined  by  32  levels  is  detectable  but  not  objectionable.  When  16  log  companded  levels  are 
used,  the  contouring  becomes  quite  evident  and  somewhat  objectionable.  Images  produced 
by  using  8 levels  or  fewer  have  a definite  artificial  or  synthetic  appearance  reminiscent  of 
posters.  This  effect  in  the  graphic  arts  and  photographic  industries  is  called  “posterization.” 

The  reduction  from  6-bit  linear  data  to  5-bit  companded  data  offers  a saving  of  only 
I 7%  of  the  buffer  storage  and  channel  bandwidth  requirement  if  the  data  are  transmitted  un- 
compressed. Since  the  remaining  partitioned  brightness  intervals  each  contain  one  or  more 
of  the  original  increments,  even  up  to  five  in  the  higher  brightness  levels,  companding  may 
appreciably  contribute  to  higher  data  compression  ratios  when  run  length  or  relative  address 
coding  techniques  are  used.  Companding  would  not  be  used  on  black  and  white  bilevel 
images,  for  which  I bit  per  pel,  properly  thresholded,  will  suffice. 


IMAGE  DATA  COMPRESSION 

Experiments  performed  to  date  have  only  encompassed  run  length  coding  (RLC). 
Early  results  on  compression  were  reported  in  appendix  D of  reference  C2.  The  conclusions 


C4.  Real  Time  Correction  of  Acquisition  Errors  Applied  To  Solid  State  Scanners,  a paper  presented  to 
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drawn  from  this  work  indicate  that  converting  the  digitized  pel  amplitude  data  from  binary 
to  dray  code  provided  about  a 30%  improvement  in  compressibility.  It  was  also  shown  that 
variable  length  RLC  codes  are  superior  to  fixed  length  codes.  Two  problems  were  recognized 
during  this  test  period.  The  first  was  that  the  imager  produced  a significant  offset  between 
odd  and  even  pel  amplitudes,  thus  shortening  the  lengths  of  runs,  particularly  in  the  less- 
significant  bit  planes.  A second  problem  was  an  equipment  limitation  restricting  run  lengths 
to  a maximum  of  64  bits  because  of  the  number  ol'  accumulator  bins  in  the  Digital  Image 
Analyzer  (DIA).  The  compression  ratios  obtained  during  this  period  under  these  conditions 
were  very  close  to  2:1. 

Very  recent  data  are  reported  in  appendix  D.  These  data  were  taken  with  a new  and 
especially  selected  CCDl  21 H imager  having  few  blemishes  and  low  dark  current.  The  RLC 
data  were  compiled  from  a software  routine  rather  than  in  the  DIA  so  the  64-pel  run  length 
restriction  was  removed. 

The  new  data  included  a repetition  of  the  old  straight  run  length  data  plus  some  novel 
investigations  into  a series  of  “meander”  or  “serpentine”  experiments  in  which  controlled 
excursions  in  the  ±Y  and  -X  axes  were  allowed  while  the  run  was  continued  generally  across 
the  X axis.  The  results  of  these  experiments  showed  a significant  improvament  in  RLC  com- 
pression, especially  compared  to  last  year’s  results.  ' 

Relative  Address  Coding  (RAC)  is  a new  compression  technique  discussed  in  reference 
C5.  For  convenient  access  it  is  attached  as  an  annex  to  reference  C6.  RAC  exploits  the 
redundancy  of  information  from  line  to  line.  The  sequence  of  transmission  starts  with  the 
transmission  of  a line  of  data  using  RLC.  The  next  line  is  composed  by  comparing  the  loca- 
tions of  changes  from  black  to  white  or  white  to  black  in  the  new  data  line  with  the  relative 
locations  in  the  RLC  line  above.  Because  of  the  expected  redundancy  and  similarity  between 
lines,  short  codes  are  assigned  to  similar  cross-overs  and  longer  codes  are  used  with  the  less 
frequent  uncorrehted  cross-overs.  After  a few  lines  of  RAC  (for  example,  seven)  a line  of 
RLC  is  transmitted.  This  line  contains  totally  independent  data  and  will  correct  for  any 
errors  accrued  during  the  transmission  of  the  previous  seven  lines.  The  authors  of  the  paper 
show  a table  indicating  a 2: 1 improvement  over  RLC.  The  compression  ratio  is  a function 
of  scan  density  and  is  better  at  8 pels  per  millimetre  than  at  4.  NOSC  is  not  presently 
experimenting  with  RAC  but  will  be  monitoring  the  progress  of  others  utilizing  it. 


EDGE  ENHANCEMENT 

Edge  enhancement  has  been  shown  to  provide  a rather  dramatic  improvement  in  the 
clarity  and  cosmetic  appeal  of  typed  copy.  Two  enhancement  algorithms  were  tested.  One 
was  a recursive-type  filter  operating  in  two  dimensions.  The  other  was  a nonrecursive  filter 
also  operating  in  two  dimensions.  The  latter  configuration  was  judged  to  provide  more 
symmetry  of  enhancement  and  therefore  to  be  the  better  candidate  for  hardware  fabrication, 
since  both  filters  require  about  the  same  quantity  of  hardware.  A full  discussion  and  example 
photograph  are  given  in  reference  C2,  appendix  E. 

The  one-dimensional  equation  used  to  form  the  simple  filter  is  as  follows: 


E -K  Z“  + (l  + 2K  ) Z - K 


C5.  Digital  Fascimile  Equipment,  Quick-FAX  Using  a New  Redundancy  Reduction  Technique,  Yasuhiro 
Yama/aki,  Yasushi  Wakahara,  and  Hiroichi  Teramura;  R&D  Laboratories  of  Kokusai  Denshin 
Company,  Ltd  (KDD),  Toyko,  Japan,  a paper  presented  at  the  National  Telecommunications  Con- 
ference (NTC  76),  Dallas,  Texas,  29  November-l  December,  1976 
C6.  Data  Compression  Report,  NOSC  Code  7323  Summary  Report,  September  1977 
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where  K is  a positive  fractional  constant  wliich  can  be  chosen  to  vary  tlie  amplitude  of  tlie 
enhancement  effect. 

This  equation  was  used  to  formulate  the  two-dimensional  equivalent  which  follows; 

C = brightness  amplitude  of  center  pel 
S|-Sg  = brightness  amplitude  of  surrounding  pels 

Output,  Cj;  = C (2K  + 1 ) - K (S  highest  + S lowest) 
Unless  C ^ every  member  of  the  set  S,.,,  in  which  case- 
let  Cg  = C 

I he  e.xperiment  showed  that  the  enhancement  was  about  optimum  when  the  constant  K 
was  set  at  about  0.5.  This  provided  a gain  of  3.0  at  the  Nyquist  limit.  The  low-frequency 
(dc)  gain  remains  at  1 .0  regardless  of  the  gain  constant  value,  K,  chosen. 


ACQUIRED  IMAGE  RECONFIGURATION 

One  of  the  important  tasks  in  prestorage  processing  is  the  acquired  image  reconfigura- 
tion A large  number  of  imaging  devices  such  as  the  Reticon  CCPD-I  728  and  the  RL-1872F, 
the  Fairchild  CCD121H  and  the  CCD131,  and  the  RCA  TCI  21 2 experimental  time  delay 
integration  (TDD  device  under  contract  by  NOSC  for  the  USPS  all  have  multiple  data  output 
ports.  Some  are  divided  into  odd/even  sources.  Others  have  four  ports  which  simultaneously 
pioduce  data  from  four  adjacent  or  distinctly  remote  pel  sites.  Also,  where  two  or  more 
devices  are  used,  pel  data  are  usually  received  from  both  sensors  simultaneously.  This  is  the 
case  with  the  Fairchild  image  acquisition  equipment  for  the  USPS  in  which  two  ports  are 
available  from  each  of  two  optically  abutted  CCD131  imagers  simultaneously. 

When  such  devices  are  used  for  the  data  acquisition,  reconfiguration  of  the  data  is 
required  at  some  point  in  the  delivery  of  the  data  before  arrival  at  the  final  document  printer, 
unless  of  course  the  printer  is  designed  to  be  ported  exactly  the  same  as  the  scanner(s). 

There  are  a number  of  reasons  for  performing  the  reconfiguration  as  soon  as  possible 
after  the  data  are  acquired  and  digitized.  Since  most  high-speed  printers  are  designed  to 
accept  data  in  a raster  line-at-a-time  format,  it  is  advantageous  to  convert  the  data  to  this 
format.  All  image  processing  algorithms  of  enhancement  and  data  compression  rely  on  rela- 
tionships of  adjacent  pels  for  the  high-speed  execution  of  the  processes.  Therefore,  it  is  most 
expeditious  to  have  the  adjacent  pels  stored  in  adjacent  bytes  and  computer  words  where  they 
can  be  conveniently  and  rapidly  retrieved  for  algorithm  execution.  A final  reason  for  desiring 
prestorage  format  in  raster  scan  is  that  the  data  are  then  immediately  available  without 
processing  or  storage  for  presentation  on  raster-type  displays. 

Personality  modules  have  been  designed  for  several  configurations  of  image  data. 

These  were  discussed  and  described  in  reference  C3.  There  are  three  configurations  which 
will  be  required  in  the  near  future.  The  most  useful  at  this  time  will  be  the  personality  circuit 
for  the  CCD  I 21 11  imager  which  has  odd  and  even  pel  ports.  Another  configuration  will  soon 
be  needed  for  the  Fairchild  image  acquisition  equipment  mentioned  above.  The  third  and 
most  complicated  personality  circuit  will  be  the  formatter  for  the  RCA  TCI  21  2 imager.  This 
device  can  operate  in  either  of  two  modes.  The  first  is  to  provide  four  parallel  outputs  con- 
taining a group  of  pel  data  for  four  adjacent  pels.  The  second  is  to  provide  four  parallel  out- 
puts containing  two  groups  of  two  adjacent  pels.  In  this  mode  the  first  and  second  pel  data 
are  available  from  one  port  pair  while  the  last  and  next-to-last  pel  data  are  available  from  the 
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other  port  pair.  On  tlie  next  clock  cycle,  the  third  and  fourth  plus  the  third-to-last  and 
fourth-to-last  pel  data  are  available.  The  circuits  designed  for  these  imaging  configurations 
allow  data  to  be  stored  in  an  orderly  manner  in  the  frame-store  memory  (FSM)  so  that  they 
can  be  withdrawn  in  raster  format  by  simply  sequencing  (incrementing)  the  memory  address 
register. 


SCAN  DENSITY  INTERPOLATION 

It  is  sometimes  desirable  to  increase  the  apparent  resolution  of  an  acquired  image.  In 
a recent  experiment,  image  tapes  were  being  generated  to  demonstrate  compatibility  with  an 
existing  NOSC  laser  printing  facility.  The  printer  presently  accepts  51  2 lines  per  inch  resolu- 
tion and  can  accommodate  4096  pels  per  8-inch  dry  silver  'ilm  width. 

The  CCD  1 21 H presently  mounted  in  the  ICAS  scans  1 728  pels,  usually  at  a resolu- 
tion of  200  by  200  pels  per  inch  in  order  to  print  copy  of  maximum  possible  width  at  as 
close  as  possible  to  a full-size  original.  Moving  the  lens  and  imager  closer  to  the  subject  could 
produce  400  by  400  pels  per  inch  if  the  Baldwin  encoder  output  pulse  rate  were  doubled. 
This  would  only  have  allowed  the  imager  to  cover  one-half  of  the  page  with  the  1 728-pel 
scan  width. 

It  was  decided  to  leave  the  imager  in  the  200-by-200-pel-per-inch  position.  The 
Baldwin  encoder  output  rate  was  doubled  to  provide  the  400  pulses  per  inch  in  the  direction 
of  copy  motion.  It  was  also  decided  to  interpolate  between  pels  in  the  direction  of  line  scan 
to  provide  a value  of  brightness  for  a synthetic  pel  halfway  between  each  pair  of  acquired 
points.  The  value  was  determined  by  calculating  half  the  sum  of  brightness  of  the  two 
adjacent  pels.  Because  of  the  increase  in  Baldwin  encoder  pulse  rate,  twice  as  many  lines 
were  read  and  stored  on  magnetic  tape  (4400  lines  for  an  1 1-inch  original).  Because  of  the 
acquisition-to-print  resolution  ratio  (400;  5 1 2),  the  image  was  only  78. 1 % the  size  of  the 
original.  The  printed  image  showed  no  evidence  that  half  the  pels  had  been  synthetically 
generated.  No  differences  in  horizontal  and  vertical  resolution  could  be  detected. 

There  were,  of  course,  changes  in  the  information  content  of  the  image  as  a result  of 
both  the  interpolation  in  the  direction  of  scan  and  the  doubling  of  Baldwin  encoder  output 
in  the  direction  of  copy  motion.  The  effect  of  interpolation  between  pels  in  a line  of  scan 
can  be  seen  in  figure  Cl 4.  Without  interpolation,  the  width  of  each  pel  is  double  that  of  the 
interpolated  equivalent.  Also,  the  video  amplitude  changes  are  abrupt  when  interpolation  is 
not  used.  This  causes  the  reproduced  image  to  have  the  appearance  of  being  constructed  of 
blocks,  unless  the  spatial  frequency  is  close  to  the  limits  of  visual  resolution.  It  should  be 
noted  that  interpolation  adds  nothing  to  the  video  bandwidth  and  that  the  Nyquist  limit  is 
not  improved  beyond  that  obtained  in  the  original  sampled  data  set.  It  should  also  be  noted 
that  interpolation  should  not  generally  be  classed  as  a prestorage  process  for  CSPS  systems. 
Interpolation  before  buffer  storage  and  transmission  increases  the  capacity  requirements  of 
both.  Therefore,  the  data  should  be  interpolated  after  transmission  with  real-time  hardware 
just  before  storage  in  the  final  print  buffer. 

The  increase  in  sampling  frequency  in  the  direction  of  copy  motion  does  provide  an 
increase  in  the  resolution  of  the  acquired  image.  Scanners  such  as  the  RCA  TCI  21  2 and  the 
Fairchild  CCD  I 21 H are  constructed  with  square  photosites.  The  CCD  I 21 H photosites,  for 
example,  are  13-juni  (0.52  mil)  squares  located  on  l3-/am  centers.  W'hen  the  optical  ratio  of 
5 mils  to  0.52  mil  is  set  to  provide  the  200-pels-per-inch  resolution  at  the  document,  the 
portion  of  the  document  included  in  the  square  imager  photosite  in  the  direction  of  copy 
motion  is  also  5 mils  (at  any  single  instant  in  time).  If  the  imager  is  exposed  to  the  copy  dur- 
ing the  total  time  between  two  Baldwin  encoder  outputs  representing  incremental  motion  of 
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Figure  C14.  Effect  of  linear  interpolation  on  a video  waveform. 

5 mils,  then  the  imager  is  collecting  light  over  a 10-mil  copy  space  in  the  direction  of  copy 
motion.  The  actual  time  duration  that  each  small  spot  within  the  10-mil  space  provides  an 
illumination  contribution  to  the  imager  is  dependent  on  its  spatial  relationship  to  the  encoder 
pulse  locations.  Figure  Cl  5 shows  the  effect  of  copy  motion  on  imager  response.  The  column 
of  five  diagrams  of  the  imager,  lens,  and  copy  on  the  left  side  of  the  figure  depicts  the  por- 
tions of  the  copy  which  are  imaged  onto  the  scanner  at  the  start  of  a sequence  of  acquisition 
and  at  four  consecutive  spatial  intervals  of  0.0025  inch  thereafter.  For  simplicity,  a hypo- 
thetical imager  having  5-mil-by-5-mil  photosites  and  a 1 : 1 focal  distance  has  been  substituted 
in  the  diagram  for  the  0.52-mil-by-0. 52-mil  photo  area  of  the  real  Fairchild  imager  which 
would  use  a 9.615: 1 optical  reduction  in  the  lens  system. 

The  center  vertical  sequence  of  waveforms  depicts  the  development  of  imager  response 
relative  to  specific  points  on  the  copy.  For  example,  after  0.0025  inch,  the  point  “F"  on  the 
copy  has  moved  from  focusing  on  the  center  of  the  imager  to  a point  on  the  extreme  right 
edge,  and  will  not  be  in  the  field  of  view  after  this  time.  Consequently,  the  amplitude  of  the 
waveform  in  the  center  column  will  never  increase  after  this  time.  Point  "1'',  however,  which 
started  at  the  very  beginning  edge  of  the  field  of  view,  focuses  on  the  exact  center  of  the 
imager  after  a motion  of  0.0025  inch.  Illumination  will  be  seen  from  this  point  during  the 
next  copy  motion  interval  of  0.0025  inch.  Consequently,  the  contribution  of  point  "1”  to 
the  total  response  of  the  imager  is  higher  than  that  of  all  other  points  and  forms  the  apex  of 
the  triangle  in  the  second  interval  of  the  center  column  of  figure  C 1 5.  If  the  imager  is  read 
out  after  a motion  of  0.005  inch,  the  contents  of  the  imager  are  then  reset  to  zero,  and  the 
process  begins  to  repeat,  this  time  on  a new  area  of  copy.  The  relationship  of  three  sample 
space  intervals  and  three  readouts  is  shown  as  the  bottom  center  set  of  curves.  This  analysis 
shows  that  25%  of  the  imager  response  actually  was  contributed  by  copy  areas  outside  the 
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TABLE  OF  CONTRAST  TRANSFER  FUNCTIONS 

Scan 

Frequency 

lines/inch 

Copy  Spatial  Frequency, 
lines/inch 

66.7 

100 

133.3 

200 

400 

200  Best 

1.0  CTF 

10 

0.75 

0.5 

0.0 

Worst 

1.0 

0,75 

0.65625 

0.0 

0.0 

400  Best 

1.0 

1.0 

1.0 

0.75 

0.0 

Worst 

1.0 

1.0 

0.875 

0.5 

0.0 

Figure  CIS.  Comparison  of  imaging  performance -200  vs  400  lines/incli. 
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inteiuled  sample  space.  Phis  tlien  limits  the  contrast  tratisl'er  runetion  (Cl'l-)  best  case  to 
0.50  at  the  Nyriuist  limit.  I'he  worst  case  with  the  black  and  white  copy  interval  boundaries 
tailing  at  the  apexes  of  the  triangular  itUervals  is  zero.  At  exactly  this  phase  the  imager  out- 
put would  be  constant  at  a level  representing  the  grey  average  between  the  white  and  black 
levels  of  the  200-pel-per-inch  Nytiuist  test  copy.  If  test  copy  containing  spatial  frequencies 
of  higher  resolution  than  200  pels  per  inch  is  run,  any  imager  response  is  simply  due  to 
aliasing. 

.\  second  set  of  waveforms  is  shown  on  the  right  side  of  figure  Cl  5.  The  purpose  of 
these  is  to  show  the  consequences  of  sampling  at  spatial  increments  of  0.0025  inch  rather 
than  0.005.  At  a given  document  velocity  the  time  required  to  transit  0.0025  inch  is  half 
that  of  the  longer  sample  interval.  With  half  the  integration  time,  the  system  sensitivity  must 
be  doubled,  through  either  doubling  the  range  of  copy  retlection  density  or  increasing  the 
postdetection  amplifier  gain.  Doubling  the  gain  allows  the  area  under  the  first  right-hand 
waveform  to  be  twice  that  of  its  counterpart  in  the  middle  column.  Since  the  accumulated 
charge  is  dumped  each  0.0025  inch,  this  is  the  residual  spatial  respotise  for  that  interval,  and 
the  relationship  of  several  intervals  and  their  overlaps  is  shown  at  the  bottom  of  the  figure 
for  comparison  to  the  triangular  waveform  set  obtained  from  scanning  for  0.005  inch. 

The  resolution  of  the  right-hand  set  of  waveforms  is  appreciably  better  than  that  of 
; the  center  set.  A number  of  spatial  frequencies  were  used  to  calculate  the  relative  perform- 

ance of  the  two  sampling  intervals.  The  results  of  the  comparison  are  shown  in  the  table  at 
j the  bottom  of  figure  Cl 5.  Increases  in  CTF  for  the  examples  sampled  at  400  pels  per 

inch  are  evident  for  the  higher  spatial  frequencies. 

The  consequences  of  sampling  at  the  higher  spatial  scan  density  should  be  considered 
carefully.  The  advantages  are  obvious.  Smearing  of  the  image  due  to  copy  motion  is  reduced 
and  the  resolution  is  then  approximately  equal  to  the  resolution  in  the  direction  of  scan  (nor- 
' mal  to  copy  motion)  at  about  100  lines  per  inch.  The  disadvantages,  as  mentioned  previously. 

I are  the  increases  in  required  storage  capacity  and  transmission  bandwidth.  A similar  improve- 

ment in  smear  reduction  could  also  be  made  by  employing  an  imager  having  a rectangular  pel 
area.  Narrowing  the  aperture  dimension  in  the  direction  of  copy  motion  improves  the  CTF 
; at  the  expense  of  loss  of  scanner  sensitivity. 

The  need  for  resolution  improvement  should  be  examined  carefully  before  any 
I commitment  to  hardware  is  considered.  Any  expensive  or  complicated  processing  to  gain 

spatial  frequency  response  beyond  the  resolution  of  the  viewer's  visual  acuity  at  normal 
viewing  distance  or  beyond  the  legibility  of  the  copy  printer  would  be  an  unwarranted 
extravagance. 
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Since  tlie  concept  definition  study  for  EMSS  is  not  yet  completed,  the  specifications 
for  the  imaging  reciuirements  cannot  he  fully  stated.  Some  of  the  rec|uirements  arc  reasonahl)' 
certain  and  can  be  used  to  establish  some  baseline  criteria,  Reciiurcments  falling  in  this 
category  are: 

1.  The  paper  size  will  be  8 1,2  by  1 1 inches. 

2.  The  imaging  speed  will  be  10-20  pages  per  second. 

3.  The  (or  one  of  the)  imaging  resolution(s)  will  be  about  200  by  200  pels  per  inch. 

4.  The  basic  system  will  accommodate  at  least  two-level  (black  and  white)  images. 

MINIMUM  EUNCTIONAL  SYSTEM 

Based  on  these  requirements,  a system  somewhat  like  the  scanner  subsystem  under 
development  at  Fairchild.  Syosset,  may  suffice.  Because  of  the  paper-handling  restriction, 
this  system  scans  the  paper  along  the  1 1-inch  dimension.  It  presently  employs  optical  abut- 
ment of  two  1024-bit  CCDl  31  imagers  to  provide  a scan  width  of  10.24  inches  at  200  pels 
per  inch.  The  illumination  system  utilizes  two  slit  aperture  Huorescent  lamps.  Analog  adapt- 
ive thresholding  is  used  to  produce  bilevel  (0  and  1)  output  states  for  the  white  and  black 
states  of  the  copy  materials  without  a requirement  for  illumination  correction.  The  imager 
subsystem  is  being  designed  to  operate  at  up  to  10  pages  per  second.  A three-page  solid-state 
buffer  memory  is  used  to  reconfigure  the  image  data  into  a raster  format  for  transmission  and 
printing.  The  pel  rate  (and  in  this  case  the  bit  rate)  is  4 1 .8  megapels  (megabits)  per  second. 
The  system  is  e.xpected  to  accommodate  typed  pages,  legibly  handwritten  messages  either  in 
pencil  or  ballpoint  pen,  black  and  white  line  drawings,  or  any  other  document  which  will  pro- 
vide a print  contrast  ratio  (PCR)  of  0.3  with  a detector  system  having  approximately  uniform 
sensor  response  over  the  visible  spectrum.  Print  contrast  ratio  is  defined  as 

PCR  - (Tj^iax  ~ '^min^^'^max 
where  r=  reflectance  from  the  copy. 

GREY  SCALE  SYSTEM 

A system  such  as  that  described  above  offers  an  excellent  performance-to-cost  ratio 
where  the  input  is  known  to  be  black  and  white  readable  copy  having  a reasonably  good  PCR. 
If  the  requirement  is  added  that  black  and  white  continuous-tone  (photographic)  or  multiple- 
grey-scale  images  must  be  acquired,  the  equipment  quantity  and  complexity  increase  appreci- 
ably. The  illumination  standards  must  be  greatly  improved,  or,  alternatively,  the  optical-to- 
electrical  conversion  subsystem  must  be  corrected  by  prestorage  processing. 

With  a good  adaptive  threshold  algorithm,  bilevel  images  quantized  to  only  1 bit  per 
pel  can  be  satisfactorily  acquired  in  the  presence  of  30-50%  droop  in  illumination  profile, 
“cosine  fourth”  law  degradation,  and  individual  scanner  pel  sensitivity  differences.  However, 
these  ranges  of  response  variations  cannot  be  ignored  if  continuous-tone  images  or  black/grey/ 
white  images  are  to  be  acquired  with  eiglit  or  more  grey  scale  levels.  Since  most  continuous- 
tone  images  are  acquired  at  64  or  more  grey  shades  to  prevent  contouring,  variations  of  illu- 
mination levels  or  imager  response  of  2%  or  more  will  affect  the  quantized  values  of  the 
digitized  image.  “Cosine  fourth”  effects  with  the  55-mm  Nikon  lens  in  the  test  bed  result  in 
a 6.6%  fall-off  at  the  10.5°  edge  angle  of  the  copy.  The  illumination  also  falls  off  at  the  edges 
because  of  the  finite  length  of  the  special  nuorescent  tubes  and  the  lamp  enclosure.  An  opti- 
mum solution  to  overcome  these  two  variations  is  to  design  a compensating  illumination 
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system  which  not  only  provides  even  illumination,  hut  also  increases  the  lijilit  level  at  the 
edges  to  equalize  the  cosine  fourth  losses.  Such  approaches  as  variable  width  shutters  and 
variable  neutral  density  filters  are  candidates.  At  present,  the  stability  of  such  an  illumination 
source  is  not  predictable  because  variation  of  illumination  output  from  one  tluorescent  lam)') 
to  another  is  not  known,  nor  are  there  sufficient  data  regarding  the  decline  in  illumination 
output  as  a function  of  position  along  the  tube  or  time  in  service  at  various  drive  levels.  It  is 
felt  that  the  best  performance  will  be  obtained  from  the  system  if  an  optical  illumination 
compensation  system  is  employed  to  provide  at  least  a first-order  balance  of  response  from 
the  imager.  The  reasons  for  this  are  somewhat  subtle,  and  the  consequences  were  not  fully 
evident  until  the  latest  compressibility  study  was  in  progress. 

The  IC’AS  has  been  providing  illumination  correction  for  over  a year,  u.sing  a software 
algorithm  in  the  MCU  processor.  A design  is  complete  for  a real-time  hardware  equivalent 
equipment  to  perform  the  same  function  in  real  time. 

During  the  compressibility  study,  the  same  run  length  compression  algorithm  was 
run  on  a captured  image  both  before  and  after  illumination  correction.  The  uncorrected 
image  had  somewhat  greater  compressibility  than  the  corrected  version.  At  first  it  was  felt 
that  this  unexpected  result  could  be  attributed  to  nonuniformity  of  the  white  standard  tar- 
get. For  this  reason  several  attempts  were  made  to  reduce  artifacts  from  the  white  standard 
profile.  The  spatial  line  sample  interval  for  acquiring  the  white  standard  averages  was 
increased  so  that  small  blemishes  would  not  be  sampled  more  than  once.  The  lens  was 
defocused  for  some  tests  so  that  the  point  spread  function  area  was  increased.  A software 
curve  smoothing  algorithm  was  applied  to  the  illumination  profile  for  other  experiments. 

The  uncor-.-ected  image  always  had  slightly  higher  compressibility  than  the  corrected  version. 

In  most  cases,  it  was  the  least-significant  bit  plane  which  contributed  mostly  to  the  increase. 

It  is  now  suspected  (but  not  a conclusive  fact)  that  the  expansion  of  the  drooping  edge  pel 
amplitudes  also  amplifies  the  first  difference  statistics  in  these  regions,  thereby  decreasing 
the  lengths  of  runs,  particularly  in  the  low-order  bit  planes.  Therefore,  if  this  is  the  case, 
coarsely  correcting  the  illumination  levels  to  produce  an  approximately  constant  electrical 
output  when  scanning  the  white  standard  target  will  improve  the  system  performance  and  the 
eftectivene'-.  of  the  illumination  correction  algorithm,  if  it  is  required.  It  is  possible  that  opti- 
cal illumination  correction  alone  may  provide  images  which  are  undetectably  different  from 
those  having  the  full  digital  illumination  correction,  both  to  the  viewing  subject  and  in  analy- 
sis of  the  compressibility.  In  this  case,  the  digital  compensation  scheme  should  be  preempted 
by  optical  correction.  This  test  will  be  included  in  the  future  work  for  FY78.  In  any  case, 
a system  acquiring  grey  scale  images  with  adequate  quality  will  require  some  form  of  illumi- 
nation compensation,  optical  and/or  digital. 

An  optical  subsystem  which  is  a candidate  for  the  grey  scale  systems  is  the  edge 
enhancement  hardware.  The  current  nonrecursive  enhancement  algorithm  described  earlier 
in  this  report  acts  to  modify  a pel  brightness  level  by  either  increasing  or  decreasing  its  value 
as  a function  of  the  amplitudes  of  its  eight  surrounding  neighbors.  Pels  having  a brightness 
level  exactly  halfway  between  the  brightest  and  dimmest  of  the  eight  surrounds  are  not  changed. 
Those  having  values  slightly  lower  than  this  midpoint  are  further  reduced  and  those  having 
values  above  the  midpoint  are  increased.  The  amount  of  decrease  or  increase  can  be  modified 
by  changing  the  gain  constant  of  the  algorith’-'  Given  a black  and  white  image  with  perfectly 
even  illumination  and  a perfectly  selected  t!  .lold  to  acquire  a bilevel  image,  edge  enhance- 
ment will  add  nothing  to  improve  the  selection  of  pels  which  fall  into  the  upper  or  lower 
segments  ot  the  two  threshold  levels.  However,  in  most  cases  the  illumination  will  not  be 
perfectly  fiat  the  copy  has  small  variations  in  retlection  density,  and  the  threshold  algorithm 
will  seldom  be  chosen  to  fall  exactly  on  the  midpoint  of  the  black  and  white  range.  If  any  or 
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all  of  tlie  above  are  true,  then  edge  enhaneement  will  improve  even  the  simple  bilevel  aetpiisi- 
tion  process.  I he  gain  in  legibility  ami  cosmetic  acceptance  ol  black  ami  white  copy  aci|uirecl 
with  multiple  grey  scale  levels  has  been  clemonstrateil  ami  is  reportetl  in  reference  ( 2. 

Reference  C'2  also  presents  a iliscussion  ami  the  results  of  video  companding  in 
appendix  12  This  study  showed  that  a 4-bit  companded  image  had  objectionable  contouring 
but  a 5-bit  companded  version  could  protiuce  a c|uite  acceptable  grey  scale  image.  The  use  ot 
5 bits  per  pel  versus  6 offers  a 17%  reduction  in  frame-store  memory  (FSM)  capacity  and 
transmission  channel  bandwidth.  As  discussed  earlier  in  this  report,  it  is  felt  that  there  will 
also  be  a large  improvement  in  the  run  length  compressibility  of  the  compressed  image.  This 
premise  will  be  tested  when  time  permits  in  FY78. 

No  mention  has  been  made  regarding  the  basic  requirement  for  FSM  in  either  of 
the  foregoing  system  descriptions.  Capacity  requirements  for  bilevel  and  64-level  image 
storage  are  3.74  and  22.44  megabits  per  page,  respectively.  Such  memories  are  expen- 
sive. They  are  also  the  principal  contributors  to  restrictions  in  mean  time  between  failures 
(MTBF)  of  a USPS  operational  imaging  system.  The  digital  bit  stream  rate  for  20  grey  scale 
pages  per  second  is  approximately  500  megabits  per  second.  This  rate  approaches  a satura- 
tion rate  for  even  the  most  sophisticated  dedicated  satellite  communications  system.  The 
least  expensive  and  most  reliable  way  to  store  a document  image  is  to  retain  the  original 
copy  itself.  The  only  drawback  to  such  a system  is  that  this  requires  a high-speed  demand 
feed  paper-handling  system  in  order  to  prevent  an  appreciable  overhead  time  at  the  start  of 
each  postal  center’s  allotted  transmission  interval  on  the  time  division  multiple  access  (TDMA) 
satellite  link.  If  each  center’s  time  slot  is  of  fixed  lengths,  then  a predicted  lead  time  could 
be  added  to  the  paper  feed  timing  cycle  to  have  copy  ready  when  the  slot  is  available. 

There  are,  of  course,  other  advantages  to  FSM  at  the  transmitting  site.  First,  having 
a full-page  memory  allows  only  valid  full-page  images  to  be  committed  to  the  transmission 
and  ultimately  to  the  printing  equipment.  Second,  the  transmitting  speed  can  be 
isolated  from  the  acquisition  speed.  The  1-inch  gaps  between  the  1 1-inch  pages  are 
essentially  dead  time  to  the  transmission  and  output  systems.  Therefore,  the  output  rate  can 
be  reduced  by  8.3%  by  using  FSM.  The  inertia-free  capability  of  semiconductor  memory 
allows  the  output  me.ssage  to  begin  exactly  on  external  demand  and  to  continue  on  electron- 
ically controllable  interval  or  remote  clock  synchronization.  The  tradeoffs  for  the  needs  of 
FSM  cannot  be  resolved  until  several  of  the  EMSS  concept  decisions  such  as  demand  paper 
feed,  link  cycle  protocol,  receiving  center  F'SM,  and  printing  methodology  are  frozen.  If 
doubt  exists  about  any  of  the  above,  FSMs  are  a requirement  for  both  of  the  above  systems 
and  the  system  which  will  be  described  next. 

FULL-COLOR  SYSTEM 

A very  high-performance  image  acquisition  and  processing  system  must  be  used  if 
full-color  acquisitions  are  to  be  included  in  the  EMS  system.  Figure  C16  is  taken  from 
appendix  A of  reference  C2.  This  figure  is  intended  to  depict  a system  offering  the  most 
stringent  controls  on  quality  of  acquired  images  and  optimum  analysis  during  a prescanning 
examination  of  the  copy.  The  analysis  results  would  be  used  to  control  illumination, 
enhancement  techniques,  scan  density,  gain  and  level,  and  compression  algorithms  to  be  used 
during  the  main  scan  acquisition  of  the  copy. 

A detailed  explanation  of  the  operation  of  the  system  is  included  in  appendix  A of 
reference  C2.  Only  a few  paragraphs  outlining  the  acquisition  strategy  will  be  included  here 
for  continuity. 
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Figure  Cl 6,  Advanced  electronic  message  input  terminal. 


At  the  prescan  station  there  are  three  image  sensors  one  witli  red  illumina- 
tion, another  with  green,  and  a third  with  hlue.  The  three  colors  of  illumination  will 
he  used  tor  possible  contrast  improvement  and  lor  future  color  applications. 

liach  of  the  three  outputs  from  these  sensors  is  fed  into  a preamplifier  with 
fixed  gain  and  offset.  The  gain  and  offset  on  all  three  preamplifiers  are  adjusted  so 
that  when  black  velvet,  with  the  lowest  possible  retlectance,  is  placed  in  front  of  the 
image  sensors,  the  resulting  output  from  the  preamplifiers  will  produce  an  output  of 
all  zeros  from  the  A'D  converters,  and  when  a white  surface  of  BaS04,  with  the  high- 
est possible  retlectance,  is  placed  in  front  of  the  sensors,  the  resulting  outputs  from 
the  A/D  converters  will  be  all  ones.  The  weighted,  or  nonlinear,  A/D  converters  will 
convert  data  according  to  Weber’s*  rule  to  minimize  the  total  number  of  bits  needed 
to  represent  each  pel. 

The  image  analyzer  is  a statistics  gathering  machine  used  to  supply  image  data 
to  the  mail  mode  selector  where  various  decisions  are  made  to  properly  set  up  system 
controls  for  the  main  scanner  stations.  At  the  present  time  a requirement  is  seen  to 
generate  statistics  which  include  pel  brightness  statistics  (PBS),  run  length  statistics 
(RLS),  and  first  difference  statistics  (FDS).  Preliminary  tests  may  generate  require- 
ments for  additional  statistics  which  may  include  time-dependent  statistics  and  vari- 
ous two-dimensional  codes. 

The  mail  mode  selector  is  a decision  unit  for  the  main  scanner  system  control. 

It  accepts  inputs  from  the  image  analyzer  and  uses  them  for  the  following:  gain  and 
offset  adjustments  of  the  main  scanner  preamplifiers;  selection  of  enhancement  modes, 
which  may  be  either  digital  or  analog;  selection  of  type  of  data  compression;  selection 
of  bit  precision;  and  selection  of  image  re'-clution.  . . . 

The  image  analyzer  in  the  advanced  electronic  message  input  terminal  as  pro- 
posed must  analyze  data  from  the  three  image  sensors  at  the  prescan  station  simul- 
taneously. It  must  accumulate  all  types  of  statistics  simultaneously.  The  NELC  image 
analyzer  to  be  discus.sed  is  designed  for  one  input  channel  and  to  accumulate  the  dif- 
ferent types  of  statistics,  one  at  a time.  It  is  designed  to  accept  data  at  a channel  rate 
of  21  megapels  per  second.  Four  or  more  channels  will  be  required  to  produce  the 
total  84  megapel  per  second  design  goal. 

It  is  envisioned  that  the  outputs  of  the  three  channels  of  the  main  scan  station  will  be 
available  for  three  types  of  transmission.  The  first  choice  will  be  to  enhance,  compress,  and 
store  all  three  channels  separately  for  transmission  of  full-color  data.  A second  choice  will  be 
to  mix  all  three  channels  into  a single  image  representing  panchromatic  system  response  for 
the  copy.  The  third  choice  will  be  to  select  the  channel  for  which  the  PBS  analysis  shows  the 
highest  contrast.  This  image  may  then  be  sent  with  the  64  levels  (6  bits)  or  thresholded  into 
a single-bit-per-pel  format. 

The  ICAS  system  at  NOSC  does  not  contain  the  necessary  hardware  to  provide  a real- 
time emulation  of  the  entire  system  shown  in  figure  C16  simultaneously.  Each  function 
shown  in  the  figure  can  be  accomplished  in  software,  and  most  of  the  functions  have  been 
tested  to  some  degree.  A much  more  rigorous  investigation  will  be  required  to  select  those 
functions  needed  for  the  definitive  EMS  specifications.  These  investigations  are  scheduled  in 
the  FY78  statement  of  work. 


*Nol  Weber’s  fraction,  but  a geometrically  proportional  step  increase  for  successive  grey  levels. 
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RESULTS  AND  CONCLUSIONS 

1.  A number  of  prestorage  processing  techniques  have  been  studied  with  promising  results. 
These  include: 

a.  Prescan  analysis 

b.  Automatic  gain  and  level  control 

c.  Adaptive  thresholding 

d.  Illumination  correction 

e.  Video  amplitude  companding 

f.  Image  data  compression 

g.  Edge  enhancement 

h.  Acquired  image  data  reconfiguration 

i.  Scan  density  interpolation 

2.  The  applicability  of  these  processes  to  three  systems  having  different  levels  of  perfor- 
mance has  been  discussed. 

3.  A number  of  these  processes  have  interactive  effects  and  should  be  tried  in  groups 
of  two  or  more.  One  example  is  video  compression  followed  by  one  or  more  of 
the  serpentine  compression  algorithms.  Another  example  is  hardware  improvement 
in  uniformity  of  imager  response  by  modifying  illumination  source  followed  by  the 
final  software  or  hardware  illumination  corrections. 
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FUTURE  NOSC  PLANS 


1 . Expand  the  data  base  on  performance  of  image  analysis  and  prestorage  processing 
techniques. 

2.  Study  the  benefits  of  temporal  analysis  of  data  for  determining  document  class- 
ification (bilevel  vs  continuous  tone). 

3.  Study  the  benefits  derived  from  flattening  the  imager  response  by  adding 
auxiliary  illumination  sources  to  page  edges. 

4.  Produce  bilevel  and  continuous-tone  images  using  log  compressed  5-bit  video. 
Compare  the  compressibility  with  previously  analyzed  linear  video  images. 

5.  Apply  the  NOSC  edge  enhancement  algorithm  (which  is  a high-frequency  two- 
dimensional  spatial  filter)  to  continuous-tone  images  and  observe  effects  on 
clarity  and  interpretability. 

6.  Continue  to  refine  existing  prestorage  processing  techniques  and  study  others 
which  offer  improvement  in  quality,  throughput,  or  cost  for  postal  applications. 
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Data  compression  technology  investigations  on  previous  agreements  have  been 
principally  related  to  simple  run  length  coding  (RLC)  methods  of  compression.  A summary 
data  compression  report  covering  this  work  was  submitted  during  the  past  year  and  is  included 
in  appendix  D of  last  year’s  annual  report.* 

An  attempt  was  made  to  provide  consistency  to  the  method  of  obtaining  the  data  so 
that  data  taken  during  these  experiments  could  be  lelated  back  to  the  previous  results.  In 
retrospect  it  is  now  clear  that  very  little  of  last  year's  work  can  be  correlated  with  the  present 
results.  One  of  the  same  documents,  the  typed  page,  was  used  in  both  years’  experiments, 
scanned  at  the  same  resolution,  and  analyzed  for  both  binary  and  Gray  encoding  as  before. 

Here  the  similarities  end.  It  has  been  determined  that  the  compressibility  of  grey- 
scale images  using  RLC  techniques  on  each  of  the  bit  planes  is  very,  very  dependent  on  sys- 
tem noise.  In  the  interval  between  the  data  acquired  for  last  year’s  results  and  the  data  used 
for  these  tests,  many  changes  have  been  made  in  the  system.  A new  imager,  the  Fairchild 
CCD  1 21 H,  has  been  substituted  for  the  older  CCD  121.  This  greatly  reduced  (but  did  not 
eliminate)  a problem  of  difference  of  response  of  odd-  and  even-numbered  photosites  from 
the  imager  itself.  The  fact  that  the  new  device  contains  an  on-chip  amplifier  having  about 
seven  times  the  gain  of  the  older  device  caused  the  video  amplifier  electronics  to  be  changed. 

Failure  of  the  older  analog-to-digital  (A/D)  converter  and  the  timely  arrival  of  the 
new  high-performance  units  further  changed  the  distribution  of  data  into  the  bit  planes. 

Modifications  were  made  to  the  procedures  for  illumination  correction  which  greatly 
reduced  the  problem  of  the  introduction  of  artifacts  into  the  illumination  profile  by  non- 
uniform  retlectance  from  the  white  standard  calibration  target.  This  same  modification 
(smoothing)  helped  improve  the  compressibility  to  some  extent  but  absolutely  precluded 
elimination  of  the  last  traces  of  differing  response  of  the  odd-numbei ed/even-numbered 
photosites. 

A decision  was  also  made  to  remove  the  restriction  of  maximum  run  lengths  of  64 
pels,  which  was  a constraint  required  by  the  hardware  digital  image  analyzer  (DIA).  Since 
very  long  runs  were  expected  using  the  "meander”  technique,  which  will  be  discussed  in 
detail  in  this  report,  it  was  decided  to  acquire  the  run  length  statistics  (RLS)  through  the 
Memory  Control  Unit  (MCU)  by  using  a software  program. 

Although  the  results  obtained  were  only  equal  to  those  obtained  elsewhere  in  image 
compression  studies,  there  is  enthusiasm  to  continue  the  experiments  after  characterizing 
the  entire  acquisition  path  from  white  standard,  illumination  source,  imager,  video  preampli- 
fier, buffer  line  drivers,  and  gain  and  level  circuits  and  through  the  A/D  converter.  Once  this 
path  is  as  noise-free  as  it  can  be  made  and  the  remainder  of  its  characteristics  are  well  under- 
stood, more  promising  results  are  expected.  Combinations  of  video  log  compression, 

V followed  by  combinations  of  meander  compression  patterns,  should  result  in  significantly 

better  compression  ratios.  The  following  year’s  work  agreement  allots  adequate  time  for 
participation  in  this  task. 
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TESTS  PERFORMED 

ILLUMINATION  CORRECTION 

Tests  have  been  performed  to  examine  the  bit  precision  requirements  for  the  calibra- 
tion values  stored  in  a look-up  table  used  for  software  simulation  of  the  illumination  correction 


*Second  Annual  Report,  Advanced  Mail  Systems  Scanner  Technology,  NELC  Technical  Report  TR  2020, 
October  1976. 
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algorithm.  Prior  to  the  generation  of  data  for  this  report  all  evaluations  were  siihjective, 
indicating  very  little  difference  in  image  quality  at  bit  precision  above  7 bits,  the  range  tested 
being  6 to  10. 

As  will  be  shown  in  a later  section,  the  illumination  correction  procedure  as  imple- 
mented previously  was  found  to  introduce  additional  artifacts  into  the  corrected  image  data 
which  decreased  the  compressibility  of  the  image.  The  measure  by  which  this  determina- 
tion was  made  is  the  compression  ratio  calculation  performed  on  the  run  length  statistics 
from  uncorrected  and  corrected  images. 

In  order  to  investigate  the  decrease  in  compressibility  after  illumination  correction, 
several  different  illumination  curves-calibration  values-were  generated  and  used 
to  correct  the  Typed  Page  image.  In  an  attempt  to  avoid  any  possible  artifacts  from  the 
white  standard,  a calibration  curve  was  generated  from  the  white  standard  with  the  lens 
defocused.  Figures  D1  and  D2  show  examples  of  a calibration  curve  with  the  lens  focused 
and  with  the  lens  defocused,  respectively.  Each  of  these  curves  was  obtained  by  scanning 
the  white  standard  and  summing  16  individual  lines,  each  spaced  about  25  lines  apart.  This 
procedure  is  used  in  an  attempt  to  average  out  any  artifacts  or  imperfections  in  the  white 
standard.  As  can  be  seen  in  the  two  figures,  there  is  a small  difference  in  the  two  curves  but 
not  a significant  one.  When  used  for  illumination  correction,  the  calibration  curve  produced 
from  the  defocused  lens  made  a slight  improvement  in  the  compressibility  of  the  image. 

A second  test  was  made  by  smoothing  the  original  calibration  curve.  Figures  D3  and 
D4  show  the  results  of  smoothing  with  a 3-pel  average  and  an  1 1-pel  average,  respectively. 
Using  these  calibration  curves  made  a more  significant  improvement  in  the  compression  ratio 
calculations  for  the  image  tested.  Thus,  calibration  curves  similar  to  figure  D4,  with  1 1-pel 
averaging,  were  used  for  the  illumination  correction  of  the  images  used  for  analysis  in  this 
report.  A new  calibration  curve  is  generated  each  time  an  image  is  scanned. 

RUN  LENGTH  STATISTICS 

Since,  at  the  writing  of  this  report,  the  Digital  Image  Analyzer  (DIA)  was  under- 
going modification,  the  Memory  Control  Unit  (MCU)  was  used  to  generate  the  run  length 
statistics.  Also,  since  these  statistics  are  generated  by  software  in  the  MCU,  the  hardware 
limitations  in  the  DIA  (see  NELC  TR  2020,  Second  Annual  Report)  may  be  circumvented, 
allowing  runs  of  all  possible  lengths  to  be  analyzed  in  the  test  images.  This  will  allow  much 
more  accurate  calculations  to  be  made  of  the  compression  ratios  by  using  the  variable-length 
run  length  codes. 

Now  that  statistics  can  be  generated  on  run  lengths  of  up  to  1 700,  or  longer  for  the 
meander  statistics  described  in  the  next  section,  a new  method  of  presenting  this  volume 
of  information  is  presented  here.  Figure  D5  is  a group  of  six  log-log  plots,  one  for  each 
bit  plane,  showing  the  run  length  statistics  for  a typical  image.  In  these  plots,  a single  point 
is  plotted  for  each  nonzero  entry  in  the  table  of  statistics.  The  three  cursor  marks  (arrows) 
in  each  plot  divide  the  total  number  of  bits,  3.74  million  for  an  8'/2-by-l  1 inch  page,  into 
quarters  for  each  bit  plane.  The  position  of  these  cursor  marks,  measured  along  the 
vertical  axis  on  the  plot  gives  an  indication  of  the  potential  compressibility  of  the 
particular  bit  plane.  The  higher  the  cursor  marks  on  the  plot,  the  greater  the  resulting 
compression.  The  general  characteristic  can  easily  be  seen  that  the  lower  bit  planes  contain 
many  very  short  runs  and  the  higher  bit  planes  contain  many  long  runs. 


216  432  648  864  1080  1296  1512  1728 

PEL  POSITION 

Figure  Dl.  Illumination  profile,  09/12/77,  10-bit,  focused,  NOSC  #34,  file  0. 
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Figure  D2.  Illumination  profile,  10/03/77,  10-bit,  defocused,  NOSC  #35,  file  3. 
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It  should  be  pointed  out  that  what  appear  to  be  vertical  lines  in  some  of  the  log-log 
plots,  or  scatter  diagrams,  are  actually  individual  points  spaced  closely  together  so  as  to 
appear  to  be  continuous  lines.  Also,  the  spacing  of  these  groups  of  points  in  the  first  hori- 
zontal log  cycle  is  due  to  the  fact  that  there  can  only  be  integral  numbers  of  runs;  eg,  there 
cannot  be  2.5  runs  of  a particular  length.  In  order  to  further  understand  how  these  log-log 
plots  were  generated,  annex  A has  been  included,  which  contains  a numerical  listing  of  all  the 
data  for  each  of  these  six  bit  planes.  Each  entry  in  this  listing  will  correspond  to  a single 
point  in  the  log-log  plots  on  figure  D5. 


MEANDER  STATISTICS 

In  most  images  there  tends  to  be  a high  correlation  between  adjacent  lines;  ie.  a given 
line  will  have  close  to  the  same  brightness  characteristics  across  it  that  its  near  neighbors  have. 

It  therefore  should  be  possible  to  combine  two  or  possibly  more  lines  and  perform  run  length 
encoding  on  them  in  some  fashion,  taking  into  account  the  high  correlation  in  the  near 
neighbors  of  a picture  element.  Several  different  patterns  have  been  investigated  to  determine 
any  possible  increase  in  the  compressibility  of  an  image.  These  are  shown  in  figures  D6  and 
D7.  Figure  D6a  shows  the  normal  pattern  followed  on  a single  line  when  doing  run  length 
encoding.  Figure  D6b  shows  the  simplest  of  the  “serpentine”  patterns  taking  two  lines  at  a 
time.  It  can  be  visualized  that  in  a white  area  on  a typed  page,  runs  of  length  twice  the  num- 
ber of  pels  per  line  can  be  generated.  Also,  when  encoding  characters  on  a typed  page,  there 
is  the  possibility  of  generating  black  runs  of  twice  the  length  as  before  due  to  the  highly 
vertical  nature  of  most  typewritten  characters.  Figures  D6c  and  D6d  are  extension  of  this 
concept  to  four  and  eight  lines  of  data,  respectively. 

To  obtain  statistics  on  these  patterns,  a program  was  generated  to  gather  run  length 
statistics  on  images  in  these  and  other  formats.  The  program  allows  from  one  to  eight  lines 
to  be  analyzed  at  a time  and  a pattern  may  contain  up  to  16  straiglit  line  segments  before  it 
repeats.  There  is  also  the  restriction  that  the  end  pel  of  one  cycle  of  the  pattern  must  be 
adjacent  to  the  start  pel  of  the  next.  Figure  D/,  referred  to  as  a double  spiral,  represents  a worst- 
case  pattern  that  can  be  analyzed  with  the  ICAS  program. 

Figure  D8  was  generated  to  demonstrate  the  size  of  the  meander  patterns  relative  to 
a typical  typewriter  font.  The  numbers  beside  the  two  meander  patterns  indicate  how  the 
pattern  is  entered  into  the  processor  at  the  beginning  of  an  analysis. 


RELATIVE  ADDRESS  CODING 

No  tests  were  performed  during  the  reporting  period  on  relative  address  coding  (RAC),  but  a 
paper  presented  recently  at  the  National  Telecommunications  Conference  (NTC  76)  discusses 
this  novel  method  of  data  compression.*  Rather  than  attempt  to  abstract  significant  details 
as  to  the  methods  and  results  to  date,  a copy  of  the  paper  is  included  as  annex  B to  this 
appendix.  The  promising  results,  especially  at  8 by  8 pels  per  millimetre  (approximately  200 
by  200  pels  per  inch),  where  ratios  of  compression  of  better  than  2;  1 over  RLC  are  obtained 
by  using  relative  address  coding,  would  offer  an  appreciable  reduction  in  transmission  band- 
width for  the  forthcoming  Electronic  Message  Service  System  (EMSS).  Results  of  further 
studies  made  by  others  actively  engaged  in  testing  the  RAC  algorithm  will  be  followed  in 
detail  and  discussed  in  future  reports. 


‘Digital  Facsimile  Equipment  “Quick-FAX”  Using  a New  Redundancy  Reduction  Technique.  Y Yamazaki, 
Y Wakahara,  H Teramura,  R&D  Laboratories,  Kokusai  Denshiii  Deniva  Co,  Ltd  (KKD) 


Figure  D6.  Meander  patterns. 
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RESULTS 


ILLUMINATION  CORRECTION 

Table  D1  compares  compression  ratios  calculated  on  the  same  image  that  was  illumina- 
tion corrected  using  several  dift'erent  calibration  curves.  These  are  to  be  compared  to  the  first 
entry  in  the  table,  which  is  the  compression  ratio  for  the  uncorrected  image.  There  were 
three  different  types  of  corrections  run.  The  first  was  the  normal  method  in  which  the  white 
standard  was  scanned  with  the  lens  focused  on  it  and  1 6 lines  of  the  image  were  summed  and 
averaged.  This  average  was  then  computed  by  use  of  different  bit  precisions;  namely,  6 
through  10.  Each  of  these  calibration  curves  was  then  used  to  correct  the  image,  after  which 
the  compression  ratio  was  computed.  In  all  cases  the  compression  ratios  for  both  RLC  codes 
are  significantly  lower  than  for  the  uncorrected  image. 


TABLE  Dl.  COMPRESSION  RATIO  VS  TYPE  OF 
ILLUMINATION  CORRECTION. 


Compression  Ratio 

Type  of  Illumination  Correction 

2-bit  Code 

3-bit  Code 

Uncorrected 

Lens  focused  on  white  standard 

1.759 

1.565 

6-bit  precision 

1.579 

1.384 

7-bit  precision 

1.602 

1.407 

8-bit  precision 

1.596 

1.403 

9-bit  precision 

1.595 

1.40] 

1 0-bit  precision 

1.592 

1.399 

Lens  defocused  10-bit  precision 

1.562 

1.381 

Lens  focused  1 0-bit  precision 
smoothed-3-pel  avg 

1.615 

1.433 

Lens  focused  10-bit  precision 
smoothed- 1 1-pel  avg 

1.639 

1.465 

The  second  type  of  correction  run  was  done  by  using  a calibration  curve  obtained 
with  the  lens  defocused  in  an  attempt  to  minimize  the  introduction  of  artifacts  from  the 
white  standard  tliat  are  not  averaged  out  when  the  16  lines  are  summed  together.  This 
produced  an  even  lower  compression  ratio.  No  explanation  for  this  has  been  found. 

The  third  type  of  correction  was  done  after  smoothing  the  10-bit  calibration  curve 
used  tor  the  tirst  test.  Two  degrees  of  smoothiiig  were  used,  a 3-pel  average  and  an  1 1-pel 
average.  The  compression  ratio  obtained  with  the  1 l-pel  average  was  the  highest  of  all  the 
tests. 

From  these  tests,  it  is  believed  that  the  BaS04  white  standard  and  system  noise 
together  contribute  enough  artifacts  to  the  calibration  curve  that  they  override  any  small 
pel-to-pel  nonlinearities  which  the  illumination  correction  procedure  was  designed  to  com- 
pensate for.  If  this  is  indeed  true,  then  smoothing  the  calibration  curve  will  have  the  effect 
of  introducing  the  least  amount  of  additional  noise  into  the  corrected  image. 

Upon  analyzing  the  total  number  of  runs  in  each  of  the  bit  planes  in  the  uncorrected 
and  the  corrected  image  using  1 1-pel  averaging,  the  reason  for  the  lower  compression  ratio 
was  found.  It  was  found  that  the  average  brightness  of  the  background,  both  before  and 
after  correction,  was  about  level  47  or  48.  This  is  the  point  at  which  there  is  a 5-bit  turnover; 
ie,  level  47  decimal  is  101111  binary  and  48  is  1 10000  binary.  The  correction  procedure 
raises  the  pel  values  at  the  edges  of  the  page  to  the  levels  in  the  center,  causing  more  values 
to  be  around  47  and  48.  With  the  increased  number  of  transitions  in  bit  plane  five  there 
was  a resultant  increase  in  the  number  of  runs  for  that  bit  plane  which  in  turn  reduced  the 
compression  ratio  for  that  image.  This  conclusion  is  supported  by  the  fact  that  for  other 
images  with  the  average  background  brightness  at  a different  level,  the  compression  ratio 
did  increase  after  illumination  correction. 


MEANDER  STATISTICS 

This  section  presents  a relatively  large  volume  of  data  in  a highly  condensed  form. 
These  data  represent  several  tradeoff  studies  run  on  a very  few  image  samples.  It  is  hoped, 
however,  that  the  results  obtained  will  show  valid  trends  for  the  image  types  studied.  It  is 
further  hoped  that  sufficient  data  may  be  gathered  at  a later  date  to  substantiate  these 
results. 


RUN  LENGTH  STATISTICS 

For  several  of  the  images  analyzed  for  this  report,  the  analyses  were  done  for  both 
binary  and  Gray  codes.  Figures  D9  and  DIO  present  run  length  statistics  for  the  typed  page 
in  binary  and  Gray  code,  respectively.  Since  Gray  code  exhibits  fewer  transitions,  level  to 
level,  than  binary  code,  there  should  significantly  more  longer  runs  of  I’s  or  O’s  in  each  of  the 
bit  planes  except  the  most-significant  bit  plane,  which  is  identical  in  binary  and  Gray.  In 
comparing  figures  D9  and  DIO  it  can  easily  be  seen  in  at  least  the  first  three  bit  plane  dia- 
grams that  there  are  more  entries  at  longer  run  lengths  in  figure  DIO  than  in  figure  D9.  The 
compression  ratio  calculation  for  this  image  is  about  35%  greater  in  Gray  code  than  in 
binary. 
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SKRPENTINK  ANALYSIS 

Figures  Dl  1 and  D12  contain  run  length  statistics  on  the  same  image  but  analyzed 
with  a two-line  serpentine  pattern.  The  compression  ratio  for  this  pattern  increased  by  about 
40''f  when  analyzed  in  Gray  code. 

Tlie  next  four  figures  (D13-D16)  contain  the  nm  length  statistics  for  the  typed  page 
after  illumination  correction.  As  before,  the  image  was  analyzed  by  using  the  straight  run 
length  algorithm  and  the  two-line  serpentine  pattern.  The  resulting  comparison  between 
binary  and  Gray  codes  showed  a 30-40%  increase  in  compressibility  with  Gray  code. 

Figures  D17  througli  D20  compare  compression  ratios  obtained  on  the  typed  page 
image  processed  as  indicated  in  each  figure.  These  figures  contain  compression  ratios  cal- 
culated on  the  6-bit  image  as  if  all  6-bit  planes  were  to  be  transmitted.  Figure  Dl  7 contains 
figures  based  on  the  variable-length  code  which  begins  with  a 2-bit  minimum  code  length 
while  figure  D18  contains  figures  based  on  the  code  with  a 3-bit  minimum  code  length. 

Table  D2  shows  the  two  RLC  dictionaries  for  comparison. 

Although  discussed  in  previous  reports,  a brief  review  of  what  is  meant  by  “prescan” 
and  “main  scan”  will  be  given  here.  It  has  been  visualized  that  in  an  eventual  letter  mail 
scanning  system  there  actually  will  be  two  scanning  stations.  One  is  the  prescan  station  and 
one  is  the  main  scan  station.  The  prescan  station  scanner  will  be  adjusted  so  that  a black 
standard  and  a white  standard  will  produce  outputs  of  all  O’s  and  all  I's,  respectively.  Thus, 
most  images  scanned  would  not  cause  the  full  dynamic  range  of  the  prescanner  to  be 
utilized.  Statistical  information  derived  from  the  “prescanned”  image  would  then  be 
processed  and  the  results  used  to  set  up  the  “main  scan”  station  so  that  the  full  dynamic 
range  of  the  main  scanner  would  be  used.  Thus,  for  the  data  contained  in  this  report  the 
Large  Drum  Test  Bed  (LDTB)  was  used  to  simulate  both  the  prescanner  and  the  main 
scanner  by  manually  adjusting  the  gain  and  level  controls  accordingly. 

One  of  the  possible  types  of  image  compression  is  a nonlinear  or  logarithmic  com- 
pression to  16  or  32  levels  instead  of  64  linear  intensity  levels.  To  get  a look  at  the  com- 
pressibility of  an  image  using  log  compression,  the  typed  page  image  was  analyzed  by  using 
a 5-bit  log  compression  look-up  table,  a graph  of  which  is  shown  in  figure  D21 . The 
compression  ratios  shown  in  figures  Dl  7 and  D18  for  the  log-compressed  image  are  calculated 
on  the  basis  of  22.44  megabits,  the  total  number  of  bits  contained  in  an  8'/2-by-l  1-inch  6-bit 
image.  Ihe  same  is,  of  course,  true  for  all  the  other  compression  ratios  presented  in  those 
two  figures. 

Figures  D19  and  D20  are  compression  ratios  based  on  transmitting  a thresholded 
1-bit  image.  The  basis  for  the  calculation  here  is  3.74  million  bits. 
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Figure  D19.  WJM  typed  page,  2-bit  coding,  MSB  only.  Figure  D20.  WJM  typed  page.  .Vbil  coding.  MSB  only 


3-Bit  Code 


Run  Length 

Word  Length 
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257-512 
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511-1022 
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20 
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20 

2047-4094 

22 

2049-4096 

22 

4095-8190 

24 

4097-8192 

24 

8191-16382 

26 

8193-16384 

26 

Figures  D22  througli  D25  are  run  length  statistics  on  the  RCA  “S”  image,  an  image 
containing  fine  typing  and  fine  graphics.  The  statistics  are  shown  for  straight  RLC  and  2-. 

4-,  and  8-line  serpentine  patterns.  When  comparing  these  statistics  against  each  other  for  the 
different  patterns,  it  is  difficult  to  see  much  change  in  the  lower  bit  planes,  as  could  be  seen 
in  earlier  figures  for  the  typed  page  image.  Here,  the  significant  changes  appear  to  be  in  the 
higher-order  bit  planes. 

Figures  D26  and  D27  are  summaries  of  the  compression  ratios  for  the  “S”  image, 
both  for  a 6-bit  image  and  a thresholded  or  1-bit  image. 

A compression  ratio  summary  for  a continuous-tone  image  is  shown  in  figure  D28. 
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OUTPUT 

Figure  D21 . Non-linear  five-bit  image  compression. 


DOUBLE-SPIRAL  STATISTICS 

In  comparing  figures  D1 7 through  D28.  several  observations  may  be  made.  The  two- 
line  serpentine  algorithm  shows  a definite  improvement  over  the  straight  run  length  algorithm. 
For  the  images  on  which  the  four-line  and  eight-line  analyses  were  run  the  four-line  was 
better  than  the  two-line  algorithm  and  in  all  but  one  case  the  eight-line  algorithm  was  better 
than  the  four-line.  However,  the  complex  double-spiral  meander  pattern  proved  somewhat 
less  desirable  than  certain  serpentine  patterns.  In  comparing  compression  ratios  for  6-bit 
images,  the  continuous-tone  image  appears  to  have  a higher  overall  compressibility  than  a 
primarily  bilevel  image  analyzed  as  a 6-bit  image. 
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Figure  D22.  Run  length  statistics. 
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Figure  D26.  RCA  S image.  Figure  D27.  RCA ‘*S  ’ image,  MSB  only.  Figure  D28.  Continuous  tone  image. 

Main  scan  Gray  code,  corrected 
2 * 2-bit  code  3 = S-bit  code 


CONCLUSIONS 


‘i 


I 

f 


i 


L 


\ 


I 


1 . Gray  code  produces  better  compressibility  in  all  images  than  binary  code. 

2.  In  comparing  the  various  encoding  schemes,  the  order  of  compressibility  appears 
to  be,  starting  with  the  pattern  producing  the  highest  compressibility: 

8-line  serpentine 
4-line  serpentine 
2-line  serpentine 
Double-spiral  meander 
Straight  run  length 

3.  Compression  ratios  are  about  5:1  better  for  thresholded  images. 

4.  There  is  a significantly  higher  compression  ratio  for  the  continuous-tone  image 
than  for  the  bilevel  typewritten  image. 

5.  The  nonlinear,  or  logarithmic,  compression  produced  much  higher  compression 
ratios  when  run  length  or  meander  encoded  than  did  the  linear  6-bit  images. 


FUTURE  NOSC  PLANS 

1 . Since  the  data  were  gathered  for  this  report,  sevt  al  new  system  components 

have  been  added  to  the  ICAS.  Resulting  image  acquisition  and  analysis  appeared  to  show 
significantly  less  system  noise.  It  has  become  evident  that  a detailed  system  analysis  is 
required  in  order  to  more  fully  understand  how  various  system  components  affect  total  jj 

system  operation. 

2.  A more  detailed  look  will  be  taken  at  bond  paper  texture  vs  photographic  paper 
texture  to  determine  whether  a realizable  hardware  filter  might  be  designed  to  smooth  the 
paper  texture  found  in  most  bond  paper.  This  could  significantly  improve  the  compressi- 
bility of  images  on  bond  paper  for  6-bit  transmission. 

3.  It  is  recommended  that  more  different  meander  patterns  be  studied  to  more 
conclusively  determine  an  optimum  pattern.  From  the  data  taken  so  far  there  appears  to  be 
an  optimum  between  the  four-line  serpentine  and  the  eight-line  serpentine  patterns. 

4.  A closer  look  at  the  BaS04  white  standard  used  to  calibrate  the  ICAS  revealed 
the  undesriable  characteristic  of  being  very  rough  in  texture.  It  appears  that  white  photo- 
graphic quality  paper  has  a much  more  uniform  texture  and  would  be  a much  better  target  to 
scan  as  a white  standard. 
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ANNEX  A:  INDIVIDUAL  RUN  LENGTH  VALUES  FOR 
UNCORRECTED  PRESCAN  BINARY  RLS 
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DIGITAL  FACSIMILE  EQUIPMENT  "Qulck-FAX"  USING  A NEW  REDUNDANCY  REDUCTION  TECHNIQUE 
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ABSTRACT 

In  the  field'of  (acalmile  communications,  one  of  the  most 
important  technical  problems  is  to  attain  the  shortening  of 
the  transmission  time  to  the  extent  possible.  To  cope  with 
this  requirement,  a new  technique  of  redundancy  reduction 
for  facsimile  signals  is  introduced. 

In  this  paper,  the  principle  of  the  Relative  Address 
Coding  (RAC)  which  is  characterized  by  its  remarkable  re- 
duction of  redundant  information  is  presented,  as  well  as  the 
development  of  a digital  facsimile  equipment  applying  the 
technique.  RAC  method  is  so  effective  in  redundancy  reduc  - 
tlon  that  the  compression  factor  is  approximately  3.  J - I.  I 
times  as  large  as  that  of  the  conventional  Run  Length  Coding. 

Quick-FAX,  high-speed  digital  facsimile  equipment,  has 
been  developed  to  confirm  the  effectiveness  of  RAC  method. 

In  order  to  ensure  the  reliable  communication,  transmission 
procedure  of  Quick-FAX  is  based  on  the  High  level  Data 
Unk  Control  (HDLC)  procedure  for  data  communications. 

As  the  test  result  of  Quick-FAX.  an  A-4  size  document  is 
transmitted  in  about  30  seconds  at  the  transmission  rate  of 
4800  bps. 

I.  INTRODUCTION 

The  recent  progress  of  electronic  technology  and  the 
development  of  worldwide  telecommunication  networks  make 
it  possible  to  offer  various  new  communication  services. 

The  demands  for  the  facsimile  service,  by  which  various 
documents  and  drawings  can  be  reproduced  at  the  remote 
ends  exactly  and  rapidly  with  simple  operation,  are  re- 
markably increasing  in  these  years. 

One  of  the  most  important  technical  problems  in  fac- 
simile communications  is  to  attain  the  shortening  of  the 
transmission  time  to  the  extent  possible.  To  cope  with  this 
requirement,  studies(^)  have  been  made  at  the  Laboratories 
of  KDD  relating  to  a new  technique  of  redundancy  reduction 
for  foe  simile  signals. 

In  this  paper,  the  principle  of  the  Relative  Address 
Coding  (RAC)  which  is  characterized  by  its  remarkable  re- 
duction of  redundant  information  is  presented,  as  well  as  the 
development  of  a digiul  facsimile  equipment  applying  the 
technique.  RAC  method  has  specific  features  of  facsimile 
coding,  where  the  characteristics  of  crosecorrelation  be- 
tween adjacent  scanning  lines  are  fully  utilized  as  well  as 
that  of  autocorrelation  on  each  scanning  line.  The  compres- 
rlon  factor  la  approximately  3. 3 ~ 1. 1 times  as  large  as  that 
of  the  conventional  Run  Length  Coding. 

Quick-FAX.  high-speed  digital  facsimile  equipment,  has 
been  developed  to  confirm  the  effectiveness  of  RAC  method 
In  the  laboratory  test.  Considering  that  the  digital  facsimile 
has  commonality  with  data  communication,  transmission 
procedure  of  ()ulck-FAX  Is  based  on  the  High  level  Data  Unk 
^•■irol  (HDLC)  procedure. 


In  order  to  ensure  the  reliable  operation,  those  control 
signals  such  as  Command  and  Response  received  Incorrectly 
are  corrected  automatically  by  means  of  retransmission 
procedure.  And  as  for  the  facsimile  information  transfer 
phase,  the  retransmission  technique  is  not  adopted  to  avoid 
the  inefficient  transmission  caused  by  the  time-consuming 
procedure  for  the  acknowledgement  of  reception.  Instead,  In 
order  to  maintain  the  legibility  of  reproduced  copy,  such  pro- 
cessings as  prevention  of  error  propagation  in  the  copy  and 
replacement  of  mutilated  scanning  line  by  the  predecessor 
are  adopted. 

As  the  test  results  of  Quick-FAX,  It  Is  concluded  an  A-4 
size  document  is  transmitted  in  about  30  seconds  at  the 
transmission  rate  of  4800  bps. 

2.  RELATIVE  ADDRESS  CX)D1NG  FOR  FACSIMILE  SIGNALS 
2.  I Transition  Elements 

The  facsimile  signals  obtained  by  scanning  the  document 
comprise  black  and  white  picture  elements  as  shown  in  Fig.  1. 
In  order  to  reproduce  the  copy  of  the  original  document  at  the 
receiving  end,  it  Is  sufficient  to  encode  and  transmit  the  ad- 
dresses of  only  transition  elements,  which  are  defined  as 
those  picture  elements  whose  information  has  changed  from 
black  to  white  or  vice  versa.  The  picture  elements  P,  P',  Q, 
Q',  R and  R'  in  Fig.  1 are  transition  elements. 

Transition  elements  can  be  classified  Into  3 kinds  as 
shown  in  Fig.  2. 

(I)  STH  : Starting  Transition  element  of  Head  run; 

An  STH  ia  the  first  picture  element  of  a 
head  run.  Here,  a head  run  Is  such  a black 
or  white  run  that  there  exists  no  picture 
elements  on  the  preceding  line,  which  are  of 
the  same  colour  and  adjacent  to  the  run. 

(ii)  ETH:  Ending  Transition  element  of  Head  tun: 

An  ETH  la  the  tranaitlon  element  next  to 
the  head  run. 

(Hi)  DTE;  Displacement  Transition  Element; 

A DTE  is  the  transition  element  which  is 
not  STH  nor  ETH. 

The  address  of  an  STH  depends  on  the  position  where  the 
character  or  the  figure  is  described,  and  the  address  of  an 
ETH  depends  on  the  length  of  the  head  run.  The  address  of 
a DTE  is  dependent  on  the  length  of  displacement. 

The  total  number  of  transition  elements  may  indicate  the 
amount  of  Information  in  the  document,  and  the  ratio  of  the 
number  of  STH  and  ETH  to  the  total  number  of  transltton  ele- 
ments may  Indicate  the  complexity  of  the  document. 

In  the  conventional  Run  Length  Coding  (RLC),  the  address 
of  every  kind  of  transition  element  is  represented  by  the  dis- 
tance from  the  preceding  transition  element  in  terms  of  the 
number  of  picture  elementa<2),  making  good  use  of  the  au- 
tiatical  intra-line  correlation.  The  focslmlle  signals. 
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0 


Preceding  line 
Coding  line 


ETM 


R' 


Relotive  oddress  coding  .101.  ill  Oil 
( RAC  ) 'oa  ' RQ 

Fig.1  Principle  of  Relative  Address  Coding  ( RAC  ) 


however,  have  the  later-line  correlation  as  well  as  the  intra- 
line correlation.l^^ 

The  address  of  a transition  element  can  be  represented 
by  the  distance  from  any  transition  element  where  address 
is  already  encoded  and  transmitted.  The  address  of  a DTE 
Is  to  be  encoded,  making  use  of  the  length  of  displacement, 
the  distance  from  the  transition  element  on  the  preceding  line. 
The  addresses  of  STH  and  ETH  are  to  be  encoded  making  use 
of  the  disuncc  from  the  preceding  transition  element  on  the 
some  line. 

Table.  1 shows  an  example  of  the  numbers  of  three  kinds 
of  transition  elements.  As  is  easily  expected,  DTE  is  domi- 
nant and  its  probability  of  expectation  is  generally  more  than 
BOSt  The  probability  of  expectation  of  STH  or  ETH  is  gener- 
ally less  than  10%.  Hence,  it  is  important  to  take  into 
account  this  partiality  of  probability  and  to  assign  efficient, 
codes  to  DTE  especially. 


Table  1 Example  of  the  numbers  of  STH,  ETH  and  DTE 
(Document  of  Japanese  character  with  the 
resolution  of  SxS  pel/mm) 


Transition  Element 

Number 

Probability  (%) 

STH 

36.  225 

86.7 

ETH 

2. 776 

6.6 

DTE 

2. 776 

6.6 

Toul 

41,777 

100.0 

2.  2 Principle  of  RAC  Method 

The  Relative  Address  Coding^^^  (RAC)  for  facsimile 
signals  makes  good  use  of  both  inter-line  and  intra-line  cor- 
relations, and  is  easy  to  implement  because  of  no  strict 
classification  of  transition  elements. 

The  principle  of  RAC  is  explained,  taking  an  example  of 
encoding  the  transition  element  Q in  Fig.  1.  In  regard  to  the 
transition  element  Q,  two  reference  elements  are  selected 
according  to  the  following  rule  among  the  transition  elements 
that  are  already  encoded. 

(1)  The  first  reference  element  P is  the  preceding  tran- 
sition element  on  the  same  line  to  the  transition  element  Q. 

In  the  case  that  the  first  reference  element  above  defined 
docs  not  exist,  the  first  picture  element  on  the  line  la  to  be 
the  first  reference  element. 

(11)  The  second  reference  element  Q'  la  the  transition 
element  that  has  the  same  direction  of  transition  as  the  tran- 
sition element  Q and  la  the  nearest  to  the  first  reference 


Fjg.2  Exomple  of  transition  elements 

clement  P on  its  right  side.  In  the  case  that  the  element 
above  defined  does  not  exist,  the  second  reference  element 
is  the  imaginary  picture  element  next  to  the  last  picture  ele- 
ment on  the  preceding  line. 

The  address  of  transition  element  Q is  encoded  by  the 
distance  from  the  standard  element  that  is  selected  between 
the  two  reference  elements  P and  Q'.  In  the  case  that  the 
distance  from  the  first  reference  element  P to  the  transition 
element  Q is  more  than  I (Picture  element)  and  that  the  first 
reference  element  P is  nearer  to  Q than  the  second  reference 
element  Q’.  the  first  reference  element  P is  selected  to  be 
the  standard  element,  and  the  distance  is  expressed  by  the 
number  without  sign.  In  all  other  cases,  the  second  refer- 
ence element  Q'  is  selected  to  be  the  standard  element,  and 
the  distance  from  Q'  to  Q is  expressed  by  the  number  with 
or  — sign  according  to  the  direction.  (Table  2)  For  each 
distance,  variable  length  code  shown  in  Table  3 is  assigned. 


Table  2 The  signs  used  in  RAC 


Position  of  the  reference  element 
in  relation  to  the  transition  element 

Sign 

On  the  SAME  line 

No  algn 

On  the  PRECEDING  line.  JUST  UPON  or  LEFT 

+ 

On  the  PRECEDING  line,  RIGHT 

- 

The  most  efficient  code  is  a well-known  Huffman's  codef^), 
but  it  needs  a great  capacity  of  memory  to  implement  the 
code.  Codes  shown  in  Table  3 are  defined  from  the  statistics 
of  distribution  of  every  distance  to  be  coded,  which  are  ob- 
tained by  computer  simulation. 

The  distinctive  feature  of  Table  3 is  the  few  bits  assign- 
ed to  the  distances  "+0".  "+1"  and  "-1".  which  results  from 
the  fact  that  the  probabilities  of  expectation  of  such  distance 
are  vety  much  larger  than  those  of  the  other  distances. 

For  example.  In  case  of  coding  the  transition  element  Q 
in  Fig.  I,  since  the  distance  PQ  («9)  is  greater  than  the  dis- 
tance QQ'  (>1),  Q'  is  selected  to  be  the  standard  element. 

As  the  standard  element  Q'  Is  on  the  right  of  the  transition 
element  Q,  the  address  of  Q is  encoded  by  the  distance  QQ' 
with  a sign,  that  is  "-1",  which  is  coded  as  "101" 
according  to  Table  3. 

As  mentioned  above,  in  RAC  method  only  the  addresses 
of  transition  elements  are  sequentially  encoded,  making  use 
of  the  distance,  that  Is,  the  relative  address  from  the  tran- 
sition element  mostly  on  the  preceding  line. 
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Table  3 Code  uaed  In  RAC 

(a)  Asaignmeni  of  codes  for  the  distances 

(b)  Assignment  ol  supplementary  codes  to  (a) 


Distance 

Code 

4-0 

0 

+ 1 

100 

- 1 

101 

N (N2I) 

111  F (N) 

eN  (N&2) 

1100  F (N-1) 

-N  (N&2) 

1101  F (N-1) 

N 

F(N) 

1 - 4 

o«* 

5 ~ 20 

lO**** 

21  -84 

110 

85  ~ 340 

IIIQ. ....... 

341  ~ 1364 

IlllO***** 

1365  - 5460 
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2. 3 Computer  Simulation  Results  of  RAC  Method 


Pig.3  Oisfnbufion  of  Length  to  be  coded 

Test  document  4t  1 , Resolution  exa  pel  /trim 


There  have  already  been  proposed  many  data  compres- 
sion methods  for  high-speed  facsimile  transmission,  some 
of  which  are  proposed  to  the  standard  coding  method  at 
CCITT  SG  XIV.  Eight  test  documents  were  specified  at  the 
Rapporteurs  meeting  held  at  Geneva  in  197S. 

Computer  si.nulation  of  RAC  method  for  the  8 test  docu- 
ments has  been  made  in  the  two  cases  with  the  resolution  of 
8 pel  (picture  element)/ mm  and  4 pel/mm  in  both  horizon- 
tal and  vertical  directions.  From  computer  simulation  it  is 
clear  that  the  standard  element  is  selected  from  the  second 
reference  element  with  the  probability  of  0.  80  to  0. 95,  which 
means  most  of  the  transition  elements  in  RAC  are  encoded 
by  the  distance  from  the  transition  element  on  the  preceding 
line. 

Fig.  3 shows  the  probability  distribution  of  the  distance 
coded  for  the  test  document  fl  (English  letter)  with  the  reso- 
lution of  8 pel/mm  in  both  directions.  The  solid  line  and  the 
dot -dash-line  correspond  to  the  distance  from  the  second 
reference  element  to  the  transition  element  to  be  coded  and 
the  broken  line  corresponds  to  the  distance  from  the  first 
reference  element.  The  dotted  line  is  the  distribution  of  run- 
Icagth  in  RLC  for  reference. 

All  t)ic  distribution  curves  of  RAC  are  generally  expo- 
nential and  the  probabilities  for  the  distance  "-fO",  "-f  1"  and 
“•I"  are  approximately  0.  5,  0.  13  and  0. 13  respectively. 

For  such  shon  distances  with  large  probability  assigned  are 
few  bit  codes,  as  suggested  in  2.  2.  The  change  of  resolution 
results  in  very  little  change  in  the  distribution  curve  of  RAC. 

On  the  other  liand,  the  distribution  of  RLC  Increases  in 
according  as  the  run-length  increases  from  I to  4 and  is  also 
exponential  in  the  range  of  the  run -length  longer  than  4.  The 
distribution  of  RLC  changes  its  curve  to  short  run -length, 
though  It  Is  not  so  distinctive,  according  to  the  decrease  of 
toaohilion. 


The  difference  between  the  distribution  of  RAC  and  that 
of  RLC  is  the  concentration  of  probability  on  the  short  dis- 
tances of  RAC.  This  means  the  amount  of  information  in 
RAC  is  less  than  that  in  RLC  according  to  the  information 
theory. 

In  Table  4,  shown  are  the  compression  factors  of  RAC 
and  RLC.  which  are  defined  as  the  number  of  total  picture 
elements  divided  by  the  number  of  bits  encoded.  In  RAC 
method,  codes  shown  in  Table  3 are  used  and  in  RLC  only 
F(N)  in  Table  3 is  used  from  run-length  1.  From  the  result 
of  Table  4,  it  is  concluded  that  the  compression  factor  of 
RAC  is  330%  - 110%  larger  than  tli.^t  of  RLC. 


Table  4 Compression  factor 
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B 

B 
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21 
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m 

D 

m 

RAC 

QQ 

ED 

BB 

m 

RLC 

EC 

BB 

CE 

IQ 
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2. 4 Control  of  Error  Propagation 

In  this  section  the  effect  of  transmission  errors  is  in- 
vestigated and  the  method  of  controlling  the  error  propaga- 
tion is  presented. 

In  RAC  method,  most  of  the  transition  elements  are 
encoded  by  tlie  distance  from  the  elements  on  the  preceding 
line.  Once  an  error  occurs  on  coded  signals,  then  It  re- 
sults in  the  change  of  the  address  of  the  transition  element 
In  question  and  in  many  cases  also  In  the  change  of  the 
addresses  of  most  of  the  transition  elements  after  the  tran- 
sition clement  In  question.  This  error  propagation  phe- 


r 


nomenon  is  inevitable  because  of  the  use  of  inier-ltne 
correlation  in  RAC. 

In  order  to  stop  and  control  the  error  propagation, 
mixing  of  RAC  with  RLC  is  proposed,  that  is,  every  k lines 
Is  coded  by  RLC  method  whereas  the  rest  lines  are  coded 
by  RAC  method.  By  adopting  RLC  for  every  k lines,  the 
error  propagation  is  limited  to  k lines,  and  the  average 
number  of  lines  affected  by  the  transmission  error  is 
(lt+  l)/2. 

Fig.  4 shows  an  exar  pie  of  compression  factor  versus 
hrameter  k,'  which  Is  obtained  by  computer  simulation  for 
test  document  #1  with  the  resolution  of  8 psi/mm  in  both 
directions.  The  compression  factor  becomes  large  accord- 
ing to  the  increase  of  the  Parameter  k.  The  Parameter  k of 
1 corresponds  to  simple  RLC  and  the  Parameter  k of  od  to 
complete  RAC. 

The  optimum  value  of  the  Parameter  k depends  on  the 
size  of  the  characters  on  the  document  and  also  the  resolu- 
tion and  it  should  be  defined  taking  into  account  the  legibili- 
ty of  the  document  with  affection  by  transmission  errors. 


Fig.  4 Compression  factor  versus  Porometer  K 

Test  document  Wl,  Resolution  : 6x8  pel/mm 


3.  DIGITAL  FACSIMILE  EQUIPMENT  "Quick-FAX" 

A digital  facsimile  equipment,  to  which  Relative 
Address  Coding  (RAC)  method  is  adopted  to  reduce  the  re- 
dundancy of  facsimile  signals,  lus  been  built  as  a prototype 
model  and  named  "Quick-FAX'f  ^The  specific  feature  of 
()uick-FAX  is  that  it  has  the  capability  of  high-speed  trans- 
mission by  RAC  method  and  the  commonality  with  data 
transmission. 

3, 1 Performance  of  Quick-FAX 

The  transmitter  and  receiver  of  Quick-FAX  is  shown  In 
n»to.  I and  the  specifications  are  summarized  in  Table  S. 
According  to  the  fineness  of  letters  and  lines  in  the  docu- 
ments, the  resolution  is  to  be  selected  4 or  8 pel/mm  in 
horizontal  and  vertical  directions.  The  scanning  speed  is 
controlled  by  the  stepping  motor  at  200  line/ second  maxi- 
mum. These  scanned  facsimile  signals  are  coded  by  Rela- 
tive Address  Coding  (RA(^  and  sent  In  frame  configuration 
through  4800  bps  MODEM  (CCITT  V27).  Up  to  about  30 
sheets  of  document  can  be  automatically  tranamlned  with 
only  the  isltlal  operation. 

At  the  receiver,  every  operation  to  start  or  stop  the 


equipment  and  to  set  the  resolution  is  automatically  per- 
formed and  therefore  the  receiver  has  the  facility  of  un- 
attended reception.  The  recording  method  is  electrostatic 
with  multisiylus.  In  the  case  of  the  resolution  of  4 pel/mm 
in  the  horizontal  direction,  every  two  picture  elements, 
whose  information  is  not  transmitted,  is  filled  up  with  the 
same  information  as  the  preceding  picture  element.  In  case 
of  the  resolution  of  4 line/mm  in  the  vertical  direction,  the 
information  of  the  lines  omitted  at  the  transmitterare inter- 
polated with  the  information  of  the  preceding  line. 


Photo.  1 Tronsmitter  (left)  ond  receiver ( right ) 
of  Quick  - FAX 


Table  $ Specifications  of  ()ulck-FAX 


Page  size 

ISO  A4  (2ICmm  x 297  mm) 

Resolution 

Horlz.  4/8  pel  / mm  (changeable) 
Ven,  4/8  pel /mm  (changeable) 

Scanning 

Flat  bed  with  photo  diode  array 

Line  scanning  speed 

200  llnes/sec 

Recording 

Electrostatic 

Data  compression 

RAC  (Relative  Address  Coding) 

Transmission  rate 

4, 800  bit/sec 

Modulation 

8 -phase  differential  PSK 

Link  control 

Modified  HDLC 

Facilities 

Automatic  continuous  loading 
(Up  to  30  documents) 

Unattended  reception 

Control  for  the 

Replacing  by  the  predeceasor  or 

erroneous  line 

white  line 

3, 2 Data  Link  Control 

Considering  that  the  digital  facsimile  has  close  resem- 
blance to  data  communication,  it  is  desirable  that  digital 
facsimile  signals  are  transmitted  in  the  same  manner  as 
data  information. 

The  high  level  data  link  control  (HDLC)  procedure, 
which  is  to  be  standardized  in  ISO,  has  several  convenient 
features  such  as  variable  frame  length,  frame  sequence 
control  by  double  numbering,  error  control  by  cyclic  re- 
dundancy check  code  and  bit  transparency  by  "0"  Inaertloa. 

The  transmission  procedure  of  (}uick-FAX  is  based  on 
HDLC  and  the  frame  structure  is  almost  the  some  as  HDLC 
ss  shown  In  Fig,  S,  Though  Address  field  is  allocated  be- 
tsreen  Flag  and  Control  Field  in  HDLC,  it  Is  omitted  in 
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Fiq.S  Frame  structure 

Quick*  FAX  because  it  is  noc  necessary  (or  point  to  point 
communication.  The  signals  particular  to  facsimile  com- 
munication, such  as  the  control  signals  to  stan  or  stop  the 
remote  equipment  and  to  set  the  resolution,  are  newly  de- 
fined as  coded  signals  and  allocated  in  Control  field  and,  if 
necessary,  in  Information  field. 

The  coded  facsimile  signals  are  transmitted  in  Informa- 
tion field.  The  number  of  lines  included  in  a frame  can  be 
set  to  4,  8 or  all  the  lines  in  the  document.  Tlie  signals  of 
the  first  line  in  each  frame  are  coded  by  the  conventional  run 
length  coding  whose  code  assignment  is  the  same  as  F(N)  in 
Table  3. 

After  facsimile  signals  of  a line  are  coded,  the  number 
of  the  bits  to  be  set  "I"  in  the  coded  signals  of  the  line  are 
counted  with  modulus  8 and  the  least  significant  3 bits  of  the 
result  are  inverted  and  added  as  line  check  bits  to  the  coded 
facsimile  signals.  Moreover  in  the  rase  that  the  number  of 
coded  signals  of  each  line  is  less  than  24  (corresponds  Sms 
at  a rate  of  4800  bps),  the  dummy  bits  are  attached  to  the 
coded  facsimile  signals  in  order  to  guarantee  the  recording 
lime  (Sms)  of  the  line  at  the  receiver. 

As  described  above,  all  the  control  signals  and  the  coded 
facsimile  signals,  together  with  the  Flag  (8  bits),  FCS  (16 
bits),  line  check  bits  (3  bits)  and  dummy  bits,  are  transmit- 
ted in  frame  configuration  through  4800  bps  MODEM,  Though 
the  transmission  time  depends  on  the  amount  of  information 
In  a document,  Quick-FAX  can  transmit  the  typical  Japanese 
character  test  document  with  the  resolution  of  4 pel/mm  in 
both  horizontal  and  venical  directions  within  about  24 
seconds.. 

3. 3 Error  Control 

The  control  signals  which  control  the  remote  equipment 
are  so  important  that  each  frame  including  the  control  sig- 
nals is  sent  after  confirming  the  response  of  the  preceding 
control  signal.  At  the  receiver,  control  frame  received  is 
checked  by  frame  check  sequence  (FCS).  and  if  the  frame  is 
not  received  correctly,  the  receiver  sends  no  response.  At 
the  transmitter,  if  the  response  to  a control  signal  cannot  be 
received  within  a predetermined  interval,  the  same  control 
signal  Is  retransmitted  (three  times  at  most). 

On  the  other  hand,  the  information  frames  which  include 
the  coded  .’acslmile  signals,  line  check  bits  and  dummy  bits 
in  Information  field  are  continuously  transmitted  without  con- 
firming the  response.  At  the  receiver,  whenever  signals  of 
each  line  are  decoded,  they  are  checked  by  the  line  check 
bits.  If  transmission  errors  are  detected  in  a line,  the  cor- 
rect signals  of  the  preceding  line  are  repeated  instead  of  the 
erroneous  line  and  the  rest  signals  in  the  frame  are  all  dis- 
carded. Therely  the  affection  of  a transmission  error 
eever  propagates  beyond  the  frame  since  the  facsimile  sig- 
nals of  the  first  line  in  each  frame  la  coded  by  run  length 
coding  independently  of  the  signals  In  the  preceding  frame. 


Transmission  test  has  been  performed  under  the  error 
generating  condition  which  is  specified  at  the  Rapponeurs 
Meeting  in  CCITT  SC  XIV.  The  result  of  the  test  indicates 
that  the  legibility  of  the  reproduced  copy  is  saiisfactortly 
maintained  against  transmission  errors  in  the  case  that  a 
frame  includes  coded  signals  of  4 lines. 

4.  CONCLUSION 

The  principle  and  theoretical  investigation  of  a new  two- 
dimensional  coding  method  RAC  have  been  presented  in  this 
article,  as  well  as  the  development  of  high-speed  digital 
facsimile  equipment  "Quick-FAX"  by  use  of  this  technique. 

From  the  test  result,  it  has  been  proved  that  RAC 
method  is  so  effective  that  an  A-4  size  document  is  trans- 
mitted in  about  30  seconds  at  the  transmission  rate  of  4800 
bps.  At  the  Special  Rapporteurs  Meeting  of  CCITT  SG.  XIV 
(Facsimile)  in  1975.  RAC  method  was  evaluated  to  be  the 
most  efficient  method  with  respect  to  the  compression  factor 
among  principal  redundancy  reduction  techniques  proposed  to 
the  Study  Croup. 

Quick-FAX  has  been  developed  for  the  purpose  of  reali- 
zation of  RAC  method,  where  a new  data  link  control  pro- 
cedure was  adopted  to  ensure  the  commonality  with  data 
communications. 

The  digital  facsimile  which  has  such  specific  features  as 
time-saving  transmission  and  high  quality  reception  is  ex- 
pected to  be  used  extensively  and  to  play  an  important  role  in 
telecommunications,  together  with  the  progress  of  electronic 
technology  and  the  development  of  digital  networks. 
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